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^jL c^^jj <L_il* öj<LGjj_lj <L_£<L_ij£ ^L L IjûjJ 

V v 

JL«<d öjl jjjj ^<L« öI^ûj jLj <^ 6 j^ ^j cU* ^^^g^Ljjj 
‘ «>j<u (^jJUijl) ^LLjL <l» ^LIj jO^ Ij^* * 

l£^L ^lj: öj<u<d 63 jjju <l» « y&^yt >, lSjLjL<l, ^LIJ 

^L_£<l_^<u ^ ** “ : ^jjj f<j crLljl^ 

J C»l ^6 J UjL (^jl£ (^ji (^ 6 jl^j<L 4 -u L &6 J^<L*. d 6 j 4 £<Jjj<Ui. 6 j<L» 
6 J<G 1 ^ 6 J jSL Ij<dj 6 j <0 jLu^<U J^ 6 J<G_»L (Jj 3 (£<UljJ<Ui. 

V 

^ t I J j ^^ 4 > |j i i 4 .J ^L 4 -jLû 4 -> 














































jj j <5 jGLS^jjlS j& ilj^<ui jjû<u> 

V 

^jj^.uljL jL-kikjj-kjj^j « Aj^Aj^LûjIS 6jlJJ j;j » < ">>. ljL 

▼ v 

<j jij>*«« cJ4jj^-u«U Gl jj Û uj IjL> jjJ j<-iCi^<J(^ jjûli^jAfijljj 

V 

jjjj»*< ^ûj4ûjjjjL» (^Gu-uljL» j<-uu<J I jLû<u<U 


o_»-» ^L-uL 4S4ûl j^uJajû (^djLaj^-uu j<S^-» j^>< 

<L» <^<L»J<LA <-»l J<^<jjK jL»<U 4f£ (^<Loj-j4j L-JbûJ_Û4-a. j<L lj<L 



4>j 4_j-» j4Jû J 






Ci-k-» jljG ^^4 -jûjjö J ^j^^jGu-ujL J<LA<L» 4^4 —j^LjûjL^ ûjljj 

v 

Ijll d<j <j Lfj<j <jyl>^ j<S<i 


( -£L_>jjj cLj—yöJ <—^L-ijjj jV IjL Cvx. jlj-StfjL^J 

V 

<s <_»<_*j<j(^L jjj <iij<^ > ji^y 
(jji— oi«>j l jj^Löjj J<e<J tf^ueL^ # ->l* ^ 4 ^-> 0 

V ^L-L ^Ljjj j^ljjoJ tf<£*j<W>L <l-ljL j<—<J 

: j< 1 L><j <i l j ; ijS-‘j‘ u - 


. ^lj^iij <U ^jSj'U-oaû. 
\4_uU *■> 

^iji *•!*»** ^ tf A«—** 
' ^ ^ 


\ 

r 

r 
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<Û4“»}s <*-? 'i jjj J l > S4 -*j 4 -^“ L ?' tf iL -‘JJj «jU lj 

V V 

4S<Uj) \4 1 n (J &> J^L> ^uulj i*i4j j ~u u ^<>1. * 

jt^j 4 -^ 4 ^ i^ l -‘JJj oj •{2_ ö - t u^j) ^j-*ej-u 

v 

( u dj I 0_Y ^<Lu j) CujÖJ^Û^ j j^uu l$Û4Û4u 



os.u^u.jls»jl *,^ j^ljU, : (I) 

* V 

dj4£dj4jV 

J 4 -* 0 4S Vi^J lS »J l >' LfU-'jU' jljLSj<L-^.^^L_,jjj (j) 

4j^"u *i 4iûj4jV 

4i-.ljli J^O -Au^Ujls »jljj: jlj^j*^. ^Ujjj ( E ) 


4u4Atf>u 





















J^o-^JJJ j<u LLs Caş^ jISLjLjU ^jU. j<Llx» : ^ ^ 

V 

* OJ^J^ j?^ J J* J ^jjj ^ 

J &ji (j^öj^jj-^^L <J o^IjöjL c^^Jjjjj jj : Ty 

V V 

S Qt>6j cjljjjj 

» v V 

J^jJje j jjj^t c^^jjj^ ûl$j <j c^Jb^ : ^v 

ÇjbV^LjJJ 


U^(J JJ^ jlj <Jjj«LJj ^jLiJ-A jl —<J jUV ^ '?* 

Sluil£^ Jlijjj <J 

*jj«ji*J ^j-u ûj^- «*#* J 1 ^ : °* 
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--• | * v . ^ mwMÊiviu-M 

t<Lu\p ^fgp 


<jr“^ '- r 


ö'j^i <-> OJJJ -d Ij <s}jJjyj 

tJ £<Lj<£<U <-> I jil^öJjtoj jL^^Ljjj ‘^AP 
J<U-U<J J<-A (£ û jjj Ö J‘ (jj-j^ °^>J Û J ^ CaxjöJ 


J C _ LPS* ts a jjj 

csjJ-S <Lt qJHu (c) i ~~‘ > 1 * ^öj^-1 4-j j^Uöjd j<—I Jû/J 
tf*jjj L^^V^J-^y Jj^ ^ * x V^) ‘<-j<l-£ a. .to gjU 

‘L. <£<&£* 

I \ 

« 0 • ♦ * »($<£«-l#4-i ^j^jj <£ O ji<La. <GJiji J<L> ^&jjj : 












J c = l£*jjj 

: ^^jjj (^öj^* j^ 

J^ = > 

Jj=»^ (^JfJ J = l£ 

yJöj<J = J. 
jJ* c = oS& c5 û JJJ • • 


ç/j^ > • xV 
o • • • 


r i- 


S .J^ ' - ‘X V\v = 


fJ-> 




JJ<A \ * 

xTjA^ = 


£3^yŞjJzL 


Photoelectric emission 

öjl 


I , -Li^ U\ X) ^<1 ^ ^ «# 

ljj 0 L-^lj(J- ) tS -J . «j 

















PDF4KURD 





























• lS&Kj^jZLjjj iJXty 

*i 0 ' ^ ^ Jcs> tf L$ ^<JjjJ J,, 1 

^o*tA^V u^<Ji-^.oi'^lj IjjIj^Ij ^jl^ jSJ 

JJ<- jj'j^ crW J-S^l ts^j L »jljS J, ts^jljS 

<J (v^ ?*-‘) 'S; l - s >-> j<_S<: , 'oii, j. : .* j,j4 -.aj 

lj<û ojj-^lj Ixijt; ^o.lj.t. 
Jj->U tsjoj^ ûj , o^-Ujûj 
Mtr^J^ ^ tji<-‘J<‘*J Jj<-“ tî^Ljjj j<S<i j»V<j l»j<jjljja.tj 

V 

^ CjI JöJ O' 1 ' o'' J*^ l£^^?JJJ^ <-^ûj‘CLi-û<_>j j^_>Lo ij<_i CjjjJj 

<5-^ 6 JeV ^) L ^'~ lsjjj^ ^ej-j 6J c^cW 

V V 

6j<jJ^^_ filj Laûjj<J&i ^ ûj<-jl^ûjj3»jû J (^ûjLûj <_» <_><_A 

<jlj<lx^lj _£LJjjjjjI£ (SJJJ^ l rt'^y ^ ûj4_jL^û j^jjj 

V 

<r v v 

(jj<Jöj<J /^j^Us^j ^ljjjj ^j-jjj (jj'jj^ ^jj-^ öJ 

V v 

^<j <o (_i) <2<jLi j<-_ tjL-û-u tfjljL?- <j (JJcA-yj^ 

. ûj-G^ûJ^jjj (^- r ) çşGÛj (■< 


N 


I 

V? 

o 

3 

$ 

j' 




















r.r 

4-> ^jjjj4-> ^SUjJj ÎJ^ 

4i4jUi ^Uu-u^J J^UjJj (5j<Udj4j ^jlj j$4j 



j<£<U ^Ljjj <L> (jfjJ-^J j<J6j<J j<_£<j *V<L> 

v v ' ' 

Cuj4^6j ÛXU6J jLûlj ^Uû^j lj<U j->jj£<J jLuai^ ^jlj[ ^ 

V 

.6j<ûöjIj£ jjjj I j(r_V) ^<jjj<J ûj^j <jLUj<j j<j 



^ojjj ^ljjS^-i 4-> djdj4Jdj4j4-» (^UjjjjjlS (J Jjj4j (J(i^j0Jj4j 

B 3 ^ jUuMj (jjljljA J ^£L>jjj 


•d o^j*j ^ i j(v_r) ^<4,-d ( v (. j 1 ^) ^4$^ jjjo 

v v 

j<-uj<jjj<S!_» j<-J6 JjLo j4-A 

CJ^4iJjJJ^ (SJ ' JjJ j<i-u <jjj<£j ^j!û<£ ö j<J j<£<j 4^ 4 j<A 

v V 

6j 4 -fl<Jjû CSj<Uj<l Jj— JJ—JJJ6 J 6j<1aj<1 j<L> « J Ol j!- J JJ 

<-f<i6jjU j<j o<juij 6jijjjjj f 0 <e ij(r.r)^4-jjj<J) 

J<£<1 ^<1^4-^* 4^»^ j_jj j J< « C>lj6J(^^ 




















<Jtf *<!»«-& tftf&j <S d^U J3j j4 _s 4 
* ,j1 W c.«J# ^jjjC oL ^L- ^ 

• ^V«Öil*j ^oljl »L^ J<A 

4)LJ^ (S~£iJ (Joj^jS dUjjj <S«^<_S 4J 4j l 

tf-*-^ wW-f* 1 ^ csj-*<e i*«S I^L^ijS ^L <jjL <Ujk< j 

y lj Jj fVaj-u^ajjjxJ jlj>jj_ş.j»j _,<!_$<Jl^, yj j -X.I .‘. 
X -U.^UjjjjjI^ ^jljjj ojj2y»j 

cLj ji-<S <i<Jjo <J tS <S 4 j<J 4 j<J , < J X , tn- | J<j» <2 o2j<2»Jj»J 
:»jCI1j «Sljil£ »jjj <J 0 jj^JC ^IjIj oLL tf »jjj »o»jC 

V 

LLlijIjÛa J lj<_» Cjja _>jL> j 4 —a<_j_û <J (_£<L_f^6j<Jöj<J jS_£<j ^.V<j 

• ûj^CKj <^6jjj <J jjjl£J<!> 

V 

d<:..»:><£ 6jJ<J <J6 JjLû J<-> ( J > < "j j<-L« j<«_u<J <5 <Jj-0 (_^J<JûJ< 1 
<jyui »J Lf cil>JJJ^_J<J ^_»»lj<SJ<A JJ (_£<^Jl5L$ La6jj<A#C>I J6 J 
CjjS_J<2 J-L LC, ojjj_S»J <-Cjj_LSJ<i J<i <#<># 

d»j'»j<LjjU^. jj ojj» J \sS~^ J\i*J££ “J^-W^ 

• 6J<S»JJJ (jjVji <^j^» j csLjj^ J d 

<J cLjj <-...., jj_. »j<S »jj <1 <Jj»jj»<f) < < J 0 cS s J < y>^ 1 -* 
<s»jjji^ ^^ijLjij^ 

<pw* k ««&*“ f» *>* l £2 

<_s<_ijj^sj<: ^^»jj j^ ( aj JUJ • ' 

<S»jj<J <SCjj^l<: Ijo^Lf J (^) ( 

<s ojj»j l jijjlj^cSJ 1 e J <-^ <e ° JJ ’ ■ I .L^-u cL-S'S' 

&&&* f^-J- 

.»j<S»jjj<Jûjj*J* j jf‘ ,J - 



■ Ji l f I N I Ni l 













I^<J< CjJ_$<£-> CjUlJ «jJ)) (_£<^6j<J6j<J tjj£ Jû xj ^<£d 

6JÖJ6J ‘GjJ 6j<^6jj <J ^<jjjJ^-J<L J<j (jajj <JjÇw Ûejj6jj<l 

: ol^6 J (^jLj ÛjL-lÎiIjIj ^<^<_jL$jLa 


■ Jl l *-m l l;ll l 






» - I _ T « 

j D«-Jc-cy ~ 

j 4-jjjJ. ^t 1 4 \ ^jLLuujL = ui 


IJJ/J 


■-- - £. 


LSj^4j - £ 

‘ tS4 e^ u> jij «Ldijj & j«u»j<u = j 

^‘LSAjjjjijJdj <LS JUl* (^iijj «jj<Ulj = J ^ju 

w 

“»£/>•> »jlsU 


(j J 1 J JJj f'-f 

"' u V 

Inverse photo electric emission 

^l^^Ljj^S <J t £<ilyj_j£jJ<j j<j (Jtijjj <jja. (jjJ-j»JiJ<S 

^UjJj <iLyjji J<J <J»JjL j<j Jl;tS<Cil>»Jj6J »j<£<_J6Jjlj> 

f<j cjjJljj*j<ol, Jjş. (J c ) jjUSujo, jojjj) <S 6j<ijS»j 

•»J4j6jjjj 6j6jljj. ^jU^jijSjU 

J o" _ Jc = 'c*r* “ 7 " 












\jjjj OfJ—c<__^ 

o*** ^ <£■ <J U JJjjjtS 

^<-Aj<J ö J^ J^ lÛ^J^* 6j<GI£öj6jj ; Û <>X>& jJa^ 

<j J^° Lr* J J^ Û^J J JJ^ <J Cu^> 

IjöjJ.lj^^^ J ,j Û^<e l^JJJ^'Û 

<£ cûjj^6 J l ^A/ * ltJ^J^ Ö^JJ^ 4 ^ CS 6 jjJ <W 

V 

• ^û*6 j(J ^) ÛÛ^S'J^ l£ Û JJJ 



J j3* J°j a J Jjî<y / t-V 

‘’jjj-Cr' I j j\^ \ l jl— <J (jjji j»>j) -SiUjL^v cs '—->'3 
yl-.tji.jLJ <J vJÛSjLi ■v»j J Jjo cSjfV‘ Llj ^Vfcr^ 

-JU <SjL ^jj^jti I J<SjL j<: ^jjoJ V ^ lj-»^ 
<J »><^' l ’\ • ts<^> <£<-»>> tftjy »j> ■ »j<>J>"<J 
. „><-» \ • t5> 1 















jjja / o-r 


*jjj jL> J jl-*’ j^<j<£j!j jj-o<-A <s j^*l 'j&j -*jj^ (SJJ J -£T c£(j r?*i 

V 

I j—S^jLi i ^ j4-> C-»I J6 j < *L - i.i*. ^ fci 

*• V 

jLuul Jjlj<L» 6 jj<aj<Jb CjIjIj dl t.to. > vJ<jö jjj öj<jjjjjj-u 6 J 

V v 

J<£<J <J6j<J <jlj<j jl«jj )T> *jjj J<-* Ji <^J<J 6j . 6j<jûJ^.6j 
(j<^6jijj Ij<j CjI J-> ûj jj <^<jjjj^jl<-* JJ—jl-A 

^j^<J<^Jj<J djlj <J 6J<JJJJ jJu j—J<J C'J ><-> ^Ij6 Jj<-> J6J< ~t_ > > 6 J 

^k<j 6 J <( 0 _T') (J<—jj <—>ljj->.(jjlj <—jûj<_^ 6 j lû g—Uşfjl— 

V 

. ^û<_»Lk 6 J jJ<u<£>j> <J f^jjj ( j^) ,: ,, S > (J"*jl J jjj 

v V 

C^jj^Jh* J^^J j^-*J^lj fjj^ Jf J JJ^J 6 j*J (^‘C-jjJ-Aj j-j'j^ 
^jû^j jJöj jjûU j<^<j : JöJ <£ (5j-^jI—j^j—*jjl^ 

(jjj C£^ 6 jjJ (J-T^S* <CJ-m»6J <6JÛ<U j<u lj<j C>jj<-A Jjj_ij6jöj 


. Cjjl^ 6 J ^$Li<J kjljj j Cj1^6 J 



















1 - r 


jj ^ ^ jLu<J (jjj) t&»LjL<j (^LIj 

J jfJ^J^ <^u<j4-a J<J j-»<Jjj-fl jûjûj (£ÛJ<GI jSLJ 

J J^jL <J ^Llj^jj-uU ^jj^L <£ Cjj^jûj ^jj^L Jjj3û JjUu 

<£ I j<G(_^V <j ^ w »ilj j<J jj-w 6jjHLfl*\ tj jj j ~»*\»l<u jJ<_> l__^j<G 

Y 

^<j ûj ûj<H-» jjj-t-uû j <^Jj^. j<_j_u<J I j£jL> (^jjûj <j jjj »*\ > 1<j 

Y 

V 

: L»l j jJ<->< »»•>»> clûj (^ûjûjIjj^. (_^<j*^Lk. 
c^jL J & jjj l$j\j& (SJ^ J l$j\ji ^ jjjL^f^ (^<-UjiL : N 

^^ajj-ulj jj<_^. j <j^j<j-»Ij jSiAjl^<jjjj£jJ<J (^<^Jj^.. Cjjj—^ û J 

j<A <1 jjjj£oi<L< ûjjj ^&duuL OJjjjJû J ($<jj <j<& (^jG 

^jjljjjt <-j<Jb (5jlj^(5J^ J tjr^ û JJJ ' J<_jl_L^L ^<1 <^<J 
<1 jiGL-ulj jjjljj J <<j<a (^ûjjj jjjiLû^ ûj<-^jjL_j<J Cj-uuL 

. I jjj ^l^CLuuL jU. <1 <j<a (£ûjjj jf jjûjj<^ ûj<^jjL 

^jjt I jöjGIjj^u <lûj<lLjlûJ ^<£<UjG j<uu<J L jLjlGjjjlj^ 

. Cj\ jL j I njj d<JûjjJ 
ji ^.o.L-U^. <>j<_£-t_,<L-£J*i- <1 •' Y 

J j<,j '^"-•^ 

r <i Ijiisii ûl^ ^' J 

öjGl^ûJ ^jjjj ^->1^ 


JJ J jL> jljjj (£ Ö JJJ - 

<$<jj^-- C->JJ 


I aL-=u c*jj<^ û 


J 


J6 J cUÛ u j> “4 











4S4£j}j : j 

4i>jJJJ tjoji_J : 

OJ 4S4£Jja j_jJj 4J> jl^ii i£ a j33 (^jl^UiA : J 
CÛJ Jliilj C? jjSij : Ç 

, V 

I y&< Cili iSj^j^ * J 

J C = J = .-> “ i 



öIjs“ ts«jjj tfjl>'j> ‘ L ' <^»jL>-> > ' U- V ' <yjj* cs»jjj -clj 

J J<-j<1J^. j<Luu<U <^<Gjj]£J<C J<d 

<uijS <clj , ^ J<6 ^jU. jVj. u L ~'v 4.1 ...<J, <_,<u 

• <i^<*j-» <G i , j£ »je ^ Wj'C 

j j=CÛX^Xç, 


• ûijj^ 4 ^ i£tjyioyu = cû 

rt- f 

**&' J>?> ^ * X 0 = —T £ 

J ^ 

jj$<û <j»£j = j : » 3 

(jjUj .u^ööi^s) .... r. t', > = y 

CîJJ6J<U jlSsjljJ" <_,_jJVl<U (_S<'SJjj. IJ Cl£»jy»jj‘ jyji 6 - 1 

»J 4 J , jö. jSaj ( i-CLSl, cjjûjj^ d<u sJ <uS) I j-SjL 

V 

j»jjiu<si4û (*jor) x 'y = cû 

^ = Û <( > ijj “ | S' | 4j <jOf = cû 

r = û <j»jjiu^i 4 j ’(T) x .jor = cû 








oi ± ai^ *jjj ^ tf *j<i^ 



(l-Y') 

LLj <U<U 45 ^UaSJ^ ^ASojûoj* 

£*±jAJb 


»jOIS.j ^jjj (V-T) ^j Jj- tftAM 

v : <u 4^ > 

'ö / ' r J° _= j 


< h • ' -< , .| »‘; \| »Ii <J <£ CkUJjj* J “J 4 - 1 44 

o'x* - - r \j**&c 

. <j<Ub Û J J^ 


û£? 


= /. ^ 


jlj^ 


^ ^ .*.* . oU* J 

M ûWW * ****** J ^JÖ. CÛ-J 




















»><ci£»j (jjjj ^ji-L j<c (v _ t) ^<u,j 

<0 ^UL ^jjJ.U ^ji-L ^IS-CjjUK ,jjjU ^l J jjj <£ 

Ujij.j oi-CUQ jc> < (^ = 0) <£ <ulj S 3 jj (^jIjjj 

• ChA i>Uli jL Jje,j ^^L L>L L>uil£jj>l j L-U 


V 

Ljji-u diç <j jL Uö^ vJ^jV L u-O^ fj^V r*V 
(' = ö) «.J<J-Ulijjlj (^L <J jlS<ijj^JO IjO cjjvjj- 

(jL^Cjj^ r O . U^J ^yj V r jjO J .jjj (j£i~L J.J<J 

^ J*c jj> j jUlS<iJ_iljjj jjj ,<+* <_Lj<_S»j 

V * * 




















/ 


r oL -? U 6 LS^—jO 

j-u- %- 4j lS»j^ oil* 

V 

ûj öji*<£ cs<£*jjj <£ <i*uillj<J M;-... r f 

j<i c5 û jjj j c^^jjj °'j>? jjjJ <ij>S^k: jO 

t^öj^ ^^<1 < CjajöJ jJjjj ol JöJ ^^î . ii <-£<—o)»:<i <$ 

jjj<f ol^AJjöJ öJ<^<Aji<i <J (^<. ^un J<1 <£j<Jftj<J 

v 

jj (0) ûJûjL^C^jL? J " lj <J vJlL»jj_!jSLjJ<j y*Ljil£ < cû>ftJ 

J^ l£j^ ( L)) J^ Jf 4 £*jV* J l J ji ^jÎm AI 

v N 

Olfc^ (5 6 jjj <5 jb • • % ^ «• ^i J6 j a ^y » <^<^ftjjj 

: <jlj « <j—mIj jjJ j<j 


( c û - u ) - = i A 


("o - 'û ) ji^ = i A 

) 

: cAh*ûJ 1 Jjje C^ 4 -^ 1 J Vj 

>ç =i ; J-Jc = iA 
J 

^iij => 44 

j4J^j4J = J 

JvJojfc J 1 j( ^ ) (S* ‘ ^ j ^ ^.^o J 

> \ 




C6 


- r û )4ji'*iJ<fJ J 


^-UUJ jAj jj J 


<^:jU IjJ C«y , J 3 * J 


. <r t • ’ * , 4 ^Vjo <1 <£ ££*?♦*-> 
öj^U^jjJoU 


t£o o^ly>J 











C,l**£J** tfJf ( û) J (û) * ‘J^V-^j <k_j 

^SjLi »j < 4 JJ < ^ ( ( û) <* (û) >slêj*S>»<A • < i îjS*a tf jUj 

• ^ <SJ^<i o^<f»^*-.j jU 

: OUfV ^ 


J6J-U- j <? ■■■-^ tS<—<-i-fj<-^* J <£ VJ-e-lj 
û-uL, <J jlSujj^LJ-û ^.j<?' J u-la-Ki <1 < 


( I J6jJ . 6îJ^H^) f<^<î Lf 1 ^ >“ *><iLS*jj<J *jjj 

£»l Lf* 


Lyman seriesu^f^ ^ d ^-0 •• * * ^ * * û* ^ u 


(jbjysşJij ^öjjJ ^ Ji Lf^tJ^ J ^ 

: I : cjl J6J j<ilj 


Balmer series • j^ ud * t < t = j< f = û 

Baschen series i>-W n < 0 •* = û ‘ r = ^ 

Brackett series cisi jj v."v<« = û ,t = ^ 

. ji^ *^aJj A<V.^=û ‘ 0 = 1 l ) 

tsOju cr .£<i~,C (,5 ><j I j(A _ r) < j *^-> 

: *jljj jL-V »J<^j^ U ^ 







<w>û 



(A - r) j 

4SiAWi 


o 

o 

o 

































































Lî^lj «£jLjL<u (^LIj ^.<Gj!j£ <^ 6J / ^ y 

c^j 1 J jj j l^jjj^j^ <5j ' j jj ûb^ ^ csj'j^ / x y 

S f^j^ 

: <J <- 1 ^^ Cu«<j^ / ^ y 

S I JûJ<jl^j*ûl J ^ 1 « “1 v< 1 ^kj_»<_> — I 

S I Jjl^lijja ^jL <J ^<j - ^ 

jl^<u j«L ^jj Lr*l*? jf ^ <_»<Lol^ <uio^jU j<-> / ^ ’V 

V V % v 

S 0_v> ö Jj6 J 6 j<juojj JjLa (_£ j Ij_ljjj_> 1 <J »<-* <J <^ 

J^->— J J? Ooilj-iaJ ÛJ^- / 0 ^ 
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( s*3Si o^ ,J * - * 

^iUÛA f<Uj<U ^ilS^j^jAjj <L_ ?tf j«jijj_jj 0 - i 
. j^jj 4J ^LunTi ^jl£4udj4»a Cj4-uIj 1-1 
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<_j|jljj <£ (Jjjjjj* J <jLlSj*j J<J (jl^aj6jj<J J ûlSajajj^ 

<u ûlj^Juj <J <J<A jL> < 6-JjS (jj-u 

- 

Townes ( j^fc ) <£jLjL<_, ^LIj I j N <\ o £ ji^ <j 
<j<^jjo j<L jLjljj ^jî£ iS ‘'J (j^-u^LijS 
< SJ^i Ij^ W JLjj <J (^ tLî. iiL) <£ 

c> J > dry<e^» ‘ j c£^> J L^lP 

/6j<J N * x YVjAV ^<Sûj<J6j<d <£ < >^ 4 -» c5j^<j ^ X.T.r, 

j<J Jj.oaj ^iNjYo ^<-_^<J>-.^<ui (5j_~»jj <J 0-4» 
loL<^ 14 >öj<J dJVL^. cJaj jLl _ûj— oL ^jT.d t. <i4 i4a 

. LlijL<b 
«» ^ » 

(_j<jLijj j».<L (j-o<£<j JLu ^aj-L jjSj£<J jajj<-o <£<-<ijj 

Microwave Amplification 1 j■" ^ ^ 

by Stimulated Emission of Radiation 

4u 4jj*u£ ^JjS Ûû^ : ^ 

C5j<Joj<J (^-.JjS Cj—^jjj JJ J6j_i<u (J—‘ L ' e— 

csj<l-ijL Ûj < ûj<o isjjj &^'^ 
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J J öKUIj<l 

• CîlS>J 

y»jl> ^<e J±i <j J-j»><j tf <^, 

Light Amplification by Stimulated . ûj J jjLjj 

Emis sion of Radiation 

<U Û |J< '“.‘‘ <U ^jjjS <l_ilj 

<J HoA jUu<(J 

f lx>l j u j»><J l ^>K>j (>jU) ,jSjj<»> (j^Ljji ^LIj 

L <£Vlş- »JjL> j> l >I>L' g <^Jjş- L1»<G (^jtSij jl j><, 

j»><J >.>- . f<S (j-^l j U ^-dVLş.» ji»jL j<L 

< 1 iJill A 1 t 
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JLu «d j-»ûj< 0 L jj-» a!jû jj<u ûjO^Ijj 

^<i^<Sjjro ^jljj ^ Maiman jLajLo) v£jLjL»<j ^Lilj I j N^*\* 

' V V V 

*<£<jjç^ J<~Q 1J$ » ûj<-J<5kûj<ÛJj£j}L <j <djJJJ (^jJ >*J^ 

' V 

^ûjûjjjd ISjûj J<^^<-4>J<_» < V»jj 4-» ^Ljjj <5j«0-i<J Jj-v<-L 
Lûjj<_a < cjjSL ^jûj-»<J ojjjjjaj c£lf? ^lt^JJ 3 0,1—ajL 
ûj^ûjL <1jj^ °e>JJ 6j 

• V 

•• JJ^ l3 6 J l5^^ 6 J J ^ 

<JfoUU.J<^) jîuîiJ-llj'•>»"■" 

»Kf i. tf jK tf ^ 

fV tU j(S « ^ ^ 

»^<J ■ ( 0 >u - *£\ 

4 1 ll -4<<_> <P / jt£ûj<-»<-»<^<->-AJJ 

• oj^isouijN^’^ jL-dj^r J ; ■ - 

v . ^ \ i. c ) 6 'o<J I j^ JLu <J ûj 
O^J^ (^ljJ < Aj<-iljjj J o 
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LSaj-OjjS ^jU jj-j-iJ <J OLSUIj yiUi^ 
6 J( ,j,<i (.*: , Novwtte c^fy oeji yÇj^j 

<£ <6<» jjjO ^<.<1 13 ^UjjL ^JjS fy<S 

• JJ^ iS^J^jL (S^J^ <J<t <1 CÛj 

Y - l 


jL&SjU cS<SJj^ j<- <j Uj3<: jU <1 .\IU<_ijj 

J<. J_.6j_.<rf jiUl.jj-3%)<: J<6 <£»jjj , J6J<—JJJJJ_u,6 J 

<J6jjJ . lSj<A , J6j<«jjjj_^, J 

<j4Jh 6_$<J<£j^, 

jli <1 jj ^-utSJji J. 6j<i<j<SJji <J (j<j jjs <_<<jj -.<.i<«. 
»jjj u £<?<SJji.<l jUjj^j^ ^6j<j je.cljj6j UjîO 

































f'y »jJJ 




<j »j jj ’j^ °’jJ^ j-> < -‘ tt jjj l^S^j^ j» 

V v 

j4 £<U 6J<^^'jM^ <? ‘ J<C (56J6J6J 

^<_»<£Jj^ je öJ6jj<L> ÖJJJ Ly £‘L > <^Jj^<J cJ^jj^J<J 

J6J LT^^ (5<-JÖ jl—jj 6jJJ J<J (5JJ lj<J Oljjj 

v v 

J Jj'j^ L^j't? J ' -UjJ<6 <J jjj-^f-' 4 - 1 <Clj<£ 

. 6j<^6jLi ^<J jy '-J<-J jiöJ jlujl^<-ûjj<j 

v ^ 

% CjL^-ö JjöJ 6 jJJ ^jjl^^G-i-ulj ^jl ^ J j -A ( N — 1 ) (_^<jJj 

cs»jjj ls jIAs j^ J ^ ’ j< ^<Jj ^ cjeG^ j 4 - 4 

j»j<j »jjj uejj^ JJJJ J^J^ ^ ’ J ‘^ <G eJ <J ‘ ^j^* J "^J 30 

v . 

ÛXH J4.J-U »Jjj <jjj» lAîj’j^ j»j^ 11 j ^’jj 6 J uJJ? jl ej 

ojjJy»J oL-uk ^*ÛJJ ûiJ-^ ^ j-u J oljj»J 

OIj<£GroundState .sJ*j lî"^ ö-u^j-*’ j lî- l “ , '-‘ 

Ij^LuU lsjG^ ^joj 6J ^jj^^ lt^ J^ j A *’^’ J 

^U Lujijj» J jj OuuU j<J »j • oj» 

• j'jjjj 1 


gU<J 


<J jjj^J<: ^lj-l, J^JjW lT^ tf*JJJ 
^: ojj<» o-U jU oL J lsj» lî^ C ^ >-? »j<^- u 
'yş -GjjlJ-U jO U <u4J» jûljj ./‘UijjJ <■» ifjjj *-> 

-v <$ OluKjJ J<J oJ-u<-Sjj.^êj‘S> j^jj^ Lî^^ 

VJÎW Lw*<* **H ^ ^ jC ** 
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L* J^ 6J ( j) (^6 JJJ 

ouji^ aaja> ^-j^ ’j^ »j<^<-^jj<? ^ jSJ 
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1 ) t£<x>j <J Jöjj<a cûjj^d<A ^jlj<C<_> <j£ji j<j I J6jj 


6j<Jöj<J J<J (_£<^6j<J6j<J <^ (jLu^-LJjJji j<-A6J < 6jL_j J I J^ Y _ 
<jlj t <^< _ jj—~ l\ vJ<L) j<j_u 4 _jl__jjlf^ ClIJj .>o<^ jl_> j__jl_ij 
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^ ■=•' J*J ^4“ J*i>> ’jC ( J) 

J u 'j -^ 1 -* <“ J • JJJ jO j tJX) Jiy ± 

U J <S »J»j/ ^-JJJ 1 j '" V ju- O (j-L^L) iLjL^, 

jl lW >.û | 

• I x< 4 •: ^ • • • 


Spontaneous Emission : ji ></.■•. .jja-.!_*' 


j •■• -—j. < Li~j.».<L> •! v /vj.a'. ^ i • - 4 '‘ j 4 ^ 4 ‘ 

J j^ ö j jUj jj jO 'jO JjJISj^i j 

J »-- L v» J Ûj4—j-^. J'L-A ^-5>f KûjLa w wLi . 

^ J J jO-w -iftJ <-li»»» * » ÛJ J J sjL. JJ ^£ÛJ«L ^jLLj ÛJ<jL_£j—û'j 

^ ‘ilû^ ^Jû j^J 'jf^ w* t »û J - .-» j ‘\* ^ûj.k-J j Ct JûJ ^ J ‘L-!»_ » • . 

^ûj^U^l* < ^ojû j jjc* <L—L» jjj j<L j 


'j-" j»* a JJJ o^j'jHH 


U_^ ^^*ûjU j-. 1 j<Sûjj<-. ûJjj 

w * 1 U.L.*ûjO w >-*jjjjû j ûjUL-jj—* 1 j 


;_,L. <J 

Ll*-L» j-» ^ûj^—Jj^ 

. ûjLj ' j ( r - * ) ^>Ujj d Jûjj^-a 


















diiuAj jj ojUtfy* 4J dlili djjjiji ^jjajjj /, 

AJJ ( j) tf&Oj jj oyjjj 4 £dj 


(r-t) tf 4 ii, 

Jjjl J^jJjjj djjjb<U 


Stimulated Emission : jlj^.û<Lu^ / u 

^5iVi- ulj jj « Aj6jljijjjj djjjjj^dAj 

LSj'j^ c^^jjj 

^jj^ja j <Glu, j jU ^ jj^ <CLuuLj jjJj^ 

^ ‘ <^ej<J*j<J oL-aajTci!* Ij<-Sj6j jUo <J ** 

* ?*y cr»>> •• c4j<^ j j oU^> jjJ 

^ jC: <L >aj«djjj IS+&3* dji<^<-ûj-d<j J<^ 

~^j ^j i: ^4jj*j 4 j<: içAMjjj 
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OUil ^jJ* J û' ‘jj^ û'j^ 

I '•! '<-\.~. »jjU<D<£ ■S“J 4i • '^J^-'J 6 ^'^ 

, <jLa.Ua. cfr**** ^ ‘^'v 

ii 2 L= «s* ; 

' Jso j*W J ^ ^ ^ f ^ 

JJ 'T v . ?4_. <£6jJJ 

j<i <S**S J* ' f ^ 

6j<: ^ioj^ < <s*jjU j<— ^-wj J J • r 






















cojiljl, J<S4 jKojLjU <4<ui Cuji j6j 

'j^ >-a ciL , ci:, <„ J ^ 

jl^j<J*j<J Ju J Cjyo Jj- JJJ c**L ^uL 

<J 'j.« J6>—J<d u r < c , 7 , j j CxjjSjjo J <l J£,?, jG 6jJ^ ^<l < t ., ; ^ 

: cr*^ lA^ *j<uLjIj^ 

Population Invorsion ^ij $ _ ^ 

<J ^jj&J<£ (jö^jj ^^LX j j j^IjIj 

j<& j'jL c£ 6 jjj c^j'j^ <e gL, oLuSg c^^jjj' <£ vJlj^ 

: VLj^J IjL <Ujl<!, j<C ju <L,j<L CLuil^ jjj 

û jjj <J j Lj-i«u <Lj^i j<: i< 1 1 <>j j i 

6j^L<J Ioe'j^j ^'jje c*«-^jjj ^jjj <llX ^ öj <_£<l_o<£ 



• ^^lj<J (jL < Cj\ U»JJJ j'jLîuj 

Je 6 J^jj<e *jjj J^u&4l <£ oL dLjj^J^ <d lj / v 

* °' -^jjj û' ^V * ^jje ^'j < çjla., <£<ujj ûJjj 
<Lj^ <d jjLjj û'.L- < . t . û 6jj-J.<d I j^LuL ^jL,<d 

c^^jjj 'j<je'——^ c£j'—^ L-%^ , cjIjöjjjj jl j ^.iL 
cr^^J ‘ *J<^j>~*J I-CL<u.<Lûjjj jLcjj^JL 

‘ oj<Ljj-6j L ( LjjILJ<C f <£ ^<u,6jLj jlL6jj<L, öjjj 
^jL^, j^j 6J US j^jilJ^ jjj ^<U6jLj Clj<£ 
6 JJJ < “'f J? C^ 6 J<-* <J*»^ JJ^L, C£6jjj ^JL-uLj <Q>,, 6j<Lo<£ C^ûjJJ 

^i:<d <£ <u<u jjj^JL ^ ^<J 6 jLj I jlJL<d < jji<u 


•—•IjJJ fjj C5 Û JJJ ( _ s L- u '-» J*J<J LjL,J<Lu, 6j6jj<L, tföjjj 

LT^'-iiJ 'j^ LUj<^6Jj6J jj jLöj^Cj 6j< <?,,_, c^<-*L<J 

<-> 1 * 1 *'~* ^ ÛJJ^J '<-* JJJ <-J6jL j <~m» ijjlj j I J^ <C j j <L_1j jj-» 















J&Xyj&î csajLj jL.<d ( j) Jo-u, Uls„3 J<f 6 . 
J>JX cJ i<l -? lj <L -^>^ »j^ J<e <J (j) lju_;t_£<_^j ^ 
ojjj»i» J P"V J f<j. ûj-GjjL, <Glj<L^L -<.u < 

J-uJj ^j* ju_*b 

j je Lf^jjj J->J jy<u <_,L<u. J <u<d 
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j<e ^ oyj<^û jIxxiû j ^L^iOjjj (jL^lj öj ^ 

tfj' J j^f ^'j ‘ C^fjj-^ ojj<_J.L_oöj cLjjj ûjOöjL 

• (û' J eW*jjj) 


(>V J ) j <(<( j 


^je 4 - 1 

^OLl^jL ^.<J Cx^JÖ J jûj^<J ^Ldlii OyjûJ<J 

: Caj jijöjLaL ûjfcjl^. 

6» ojii jdjUjfUu _ ^ 

JVC j-û<>jtj- , 'f 
' fuJSijj-r 



v 

. < tf^ j?tf 6 ^ v °' 

^ jl,L* ^j jW o 3 j<£ <o_ 4J Llj^- ^ 
















Optical Pumping 

• 6ej^e jl ej ^Oj^ û jjj c^<oj£j<^ 
je 6 jjj <LuuU ^1 £<Gjj^J<: jyljl» j<1<: ^ 

3,1^13 j Jjj^ lj<j öj^^jl, jl^öjj<a 6jjj 

^Ljjj <£ <uöj<C 6j<CJj (ji<^j jajU,L 6j, cL^j 

j<C (5 j<Jöj<J <l> <^6diöjL j<-uu <cLjlj jij: ^ 

JJ J J^ jlj^^ 0 ^-^^ <i>J^ J<> (Jj<J6j<d <u 4<,“.,] 

Ö JJJ dLr*l^ (jÎoj<j/Cjlj^.6 Jj6 J I J<_1ujL 


^J-JJ 6 J 6 jl J J^ ‘ 0 j J & J Ojj (jl-Lj, 6j<<6jj<j 

‘Sf^^JJJ c^ 6 jL^j<^ <u<-JÎj<J « jla-L ^Lijjj (^öJjj 
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. kik i#k**>* U û u ûj%j£ U , jis ! oL dljjs 

j*~ o-jil**JjlS^ lj<S<u,JÎS <d ^jLS^ 

^ ‘ ûyex*“ ^Uj tf <u*jjU ^ ^ls-clx 

^^Jjl^-U CyiU tsjoje-d ^J-iljj, ^ <_J<^ 

kj^û? 4 -* <k>*J J 4 e(j^*- i JJJ »jjj cfajL^j^ <_jOlj4j 

^ * ûkn ^j»j»<J »jjp- u ol,<L» tsjljS^jUJ ^u^ljJjj 

»j»ji<-* Jjj<ui (_j j-jjJ <J Ojj jljLia. tf<_S<d^_j<LLi 

cL hIaj^ 

. 6j<Cl£*J Jjjj <£<Gl jL ^lijjj 

V V 

Electrical Discharge^Lwjis c£dyû$^jjLi_ r 
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e; 4 jlS J <u/o e jLj, ti jjlS<o jlSajlS ^Jiljjj -uLSjj f.c 
a £<UajL.j<__ t ^j<LLLLO'Lş. JJJj*- 4 (jljji <1 jûjjjf^ ojj<jUj 
































<!;>»-> (S»JJ<S J j| J Ij, 

j< <a. jljl<J 6^<yj^J-C LfÎJ^jVp 

, ojjiU jlû J ^jt-SajlS <£ Cujt-Saj <—:l J_,<2 J ', 

aj<ili<v>j <SJju <j J 0^<jjjj^J<j ,-aLaj • 

(Jjoji^ 'i&J ‘ Û"Jj<*jj û^>j<J <Sjjj. • 

u-*0 - 1 ) <#"-*> « C0 2 vjejS^j-u-Sjj f6jjJ ^ 
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aj 


LIJJj 


Chemical Pumping 


^aUjC UlS^UaaS *J*jj<J<J <Jlj<-ul, 

<j<JIj<J <iijş. • ûlaj tîj-ljl^lj 

<s>* u^<rtJjU cljaJjjj I JaJjLa jjJ jjljajC ^ , 1 „ ,< ^Ojl^ 
aj-jajU (JjjaJ <-yji aJjLa jtûaj , jjli ,-^jjj jl_, U JJt 
tSj»je<J»J<i j< ui<Jjj*i , CuLUi <Sajajj<J j£4£«£VU. 

F + M -——vhf/ 

r L> ûu,y?L: j ♦ h 


m + f 




HF ( F 


Excitation transition ; j^jj^LÛaJjS- i 

■-t;j<S»J jlSjalj <', | .- . -. . ,| -,- k 

, . i< . Lr^j.<-. jç jIjjjjjj |_f%aj-<j 

^^ 6 j>J (j^jjiç <Sajljjjjjj <-»jj<J <j<jlj<l 
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Jj<£> c£4jLLL> d<*bjyL*& C £‘L>LLaj<L> ASöjljj^j jj <uJj<L> J<&<£ 

. Of^J 6 J ^j'j^ iS^J^ Ûyl>iö J öjl Jjjj > lj<G 
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AV B ->A+BîAe Ae^o 

jLu£<Lj AjLö J^jj A (5<^öJjj j<G <LG ^j<U IjöjJ 

(J-^jjJ L£ j'j^ CjI^û J ,j\ Jj<U <l£ c5 û jjj J<j ^ <^>jj 
. CjjjA^öJjöJ öjjj <JjŞk.<Ll dl t >Gj (jG cIjJjjjuu ciûj 
lLjöj I jfLjuui ^jIjjulj (j;< l>jL <l!<£ GjG - fj+L* 

^jjj<t£j<Uu j<j_u<l1 <^<L»<Gjjjûu < CjLû J (Jujj jjjj-ujIj-^. ^<UjLj 
<GIj4>L j-JJJ (jL<L>l J ^Ûjj<^ Lû-uuö J JJ < jjjljjj (jöj+jjj-uljA 

^L<Lûjj<Lj<l 1 A^Ajjjljjj <J<Ljj ^<L> < (jLûjûjj+J (_j->J—‘Ijjf J^ 
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< öj<Gjj jij^ö J jjjj jjLUjj<j jj öjöjLjjii J <U-ûjj (jJJ _ l l_ kA 
^^j-cuG < <d<ûuuU jjJJ<LA >jj Cjj> jLj» J<Lj<l 1 c£jA<J (jLöj<L> 

(^öj<L . <l_^ 4—jj—jj J<l_^<l1 jL^j-jîI j < :> > 

öjLöjL ^öjGjj^JU (^><L, >L<ujj<L <UuL csr j<L_jLL 

• ÛfwLfjjJöJ 


Active Medium jyta. jUjL (u- °- t) 

■-■ ■.. . 'ş ' a< ^ ûj 4 ■ ■ 4^V Lç^. c. _xjojlj J -> ö j- 

• 6 J<ul>»- cS<-'L>?- (■<■! U?-A 6J ^ Jj - 46 J ->^<? L>< ' +'’ 

J j u cj-+ 5 J ' 

-u-û T 

JJ^jj J,u - r 












is^j j c- 

. fl \ 

‘ j'S û'e J*i >e CiL j6j cÇjftJj-Ll (^iSVLş. » .I -.^ j<uS 

: »J<0<? JJJ <L, cûjS6J <tS6j6je<J 6Ai6jU J<û ^j^ tf < 

(>" »JJOjU (£Jûjj4j ; ^ 

Three level jV tf j*je<J: y 

system Laser : ji^u^u ^ a ^u ^ , 

■> LSJ«je<J ^<4.6 jjL (£6 jU (V _ l 

‘ J '*‘ (') ^ V 4 şj-gISjjI j t5jLj<(S<j , ol j6j jLiu 

b<U û^jlSU, U ljjş 6jjj ^<6<U -L. "J 

^ U (' 3 T) jlji<J ^ J 

4*J<-4> <^f*J O-Jjj Oj^lyjj 
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(V) <j ^ V_Jj 

(Y) 6j<GL,jJ <J oLL 6j6j<i Ij-L 6j<_J u ^^S 4J 

“V *-*«' 

^ <^*ş 4^.^^ ^ JjjjU Jj3 

^ , \ ^. -• ^ V d ^ *j(r) ^Lij 6jCij<s 
f lj ( v ) 

‘ J ' ^ JJJ <&*i* ^<j ol£6j 

couoiûj • L<gI & , 

?-V L_ri5L>^ I J , _ao<Lo 

■ ( ) <'"'' Cte <1 j. 













<J ij cêjjj ^ b 

<j 0&6J f 6jjj JLJZ JA 

^jljjj <J <jlj<LaJj Jijj^ <jL<jI J (j-‘- iö JJ? > J^ ‘ 

Oyljj^j (jLdj^ >j<u i cujöj j^jj j ,J ( Y J ') 

Four level • *** 

system Laser = c^is^ ^ ~ 

S^ IfU ^jOj^ ‘-^ U ^ ^ 
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* ' J °* L &*- *j<-^ls r 

J ö'j- *j ^-jU V *jJ ^j**<J <s 4^^|, . ^ J 

| JV>J • J <1 4» j I Jj: 
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. OajSj j jaJjO ^Lr.^ 

wo^jl j jljo* dJJ L 
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cjjuujjj I j<d<Uilijj, jU<J j 6><J <SUii u ;W 

jLi <J <U<L_.^l_ijjj _ *jjjZ 

lt^^j jjJ <J <-^bj Se <L - i '^<J . | a< ^ _ V ^ J 

jjj j<Cj<S<S öj i (t- \- i) ^<Cuj l> c^ JjU ^ Jj 

**** 01 jV 6^ v-jc ji, 


• Cil 


| j • % | v ^ J 

‘ °' J4J û 1 ^ joJe^ u-u cs^ûS:j 3 (<\ _ o 
‘ J °^ 6J ^ jU -U^ û!£ CSJJJJ - tf . I 

■ ol^ J J4J j.jÇ^ 

^yitluû ie jls<ujj<u cwUitj.n _ < 


< <itf jûUS^K j 6 jj<J jLtoJ IJj_|_, <J 

4jLj< “ ^ <* jt_Ç<d <LU, J 4J <_L, ^IjLx^. 

OJ<JjL Ji<^. ... 

»j<,l^6j U. JtSu^uC <J 6j»jlji, (jCL,^ 

'^lijlLu^i.UjL^U J *jj<U l# SJuj-l 

jUS<U (^<tSdj4j jj <Uxij^ - u 

j dj4jdj<u JU- j 

Coherence tf jbjU. (i -1 - 0 

■ ^‘SftsjljU^ j63j<J jLll 

c^jk d», ^ Jj6J 4j4 ^ <u o<* 













V*** 

' .. t J'j.jK „<4,1, L 

** • ‘^ J "^*** -* j 4*6 

jS ,<J . S?^ «JOIj^ ^ • I - ^ -r, * < 

^ JjJ,ij ^ Jjj '**#**$ J 6*»o Uc*. ^o 

^ J^^bsx, J<i c^j jUSç.jlJj <s^ 'jç^ 
flncoherenty j^jU J^Ljjj ^ 0 ^ t 

I j:is<j ojLjU J«^«d jLip (kVV :(11 \ • . i) tf <£, oi^ 
>jLjU . aj<£L tf j<J»j<J <J ^ u^Soj^ olj . 

^Ujjj (J<l>L^*^ o<u-,L: j<j o<u.l3 ^j-.k 



















\j±>j*i <J jL jjU ^J L. T i û jjj , oU.6 j J6J oKajIjÎ^^ * j 

J^_A j CjJjJ^-$<j <jl—f«—^j&j (^jljL^ <£ . '* '^AJj 

\ .. t>S» vIjIjljjjj ULL^ ^ 

*. ^V. v • - L> ^->96 )<J I <** . 

' ":<4xx <J ls^^jjj • oIj-Cjjj ul ..tj . '' jjS 

<£» jjl. _,<« <u,<S*j <£ ^jj.j'i^^ 

• û ^ J öl4.jjL<4 <ji / 
^■u ljj»>j<J tfjL ^jL OOI^J 

<*X>^J <J UIjV^L^ ^ 

^ ^ ^ ( * 
u^<J 6J <L ^,J J^ ^^ 

(J) ‘>^ ,J ^ lMS^jsl^ 

^ j dL^ ^ ^ 

jjJ < y<j^ Lf ^Ljjj <J^<^, j-u (^jj-ş.! j^<_.<j ^UjO 
JJJ j<* ‘*J«U*J <V*j Oj-t-SaJjj jjjj-u <J <S oUj 

't' fz* UK 

^ «* L^ u Jjj (^VjUj-u. J ^j’uv <i* ( j »3j<J jUÖ 
^ 1, c ^ yjJ 6 J Ij xsj j*<i lj<j C ; V. . 1 ' _.<J* .<J 

Jj»j t, j<-S<_j (j _ ( |_ uJ L *jL_ş. J <_ l j J <j ,_5<—‘jjj 

' ^ <J <_kjjL jLa <j(j < <_Û(^<^J 6 J 

< n 9ular Pivergenc e.jj^^jj^Li «tu<jS(u- 

I V 

jUsu o V" 6Jj6j <J >je<J 

- <^jiL <uij£ <$ oj^ j^ | j ^jjjS. <J iS^ 
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Olj . c4j6J J.JJ -. 

. »jO,*S» J jjjJ j^^O ^ jUS<. Olj.J^^J^ ^ 

jC . «V J"i' _^'-jjj oi<-<£ jUSo »jOjj<_Sjjj jC J- J A>J 

^j»j<G <» l j'e<£<W ^o^lji 
jL,j 0»»j j »j<jijj»j ljjl$<jjjt j|j^ <J jUUs-i^ 

j;<-l-,IjU. j<j ^Sf-u: <S»jjjS ^jjjjj j-jj, 

L^J^* C;IjûjV <j;6j6j<_j<J ■•! ’.J. 

6jJûjO J öj^jJö J ûj<CI£<GjjIj<J jLjU. jji^ Ij<u s^L Jj. lx><£ 

^.ljjj^jL^ c^jLj^ j^ûjjöj 6j<£<iv< <j jjLL 

• J ^j jL? 4 -* 

j6j_><J ^£jj*u 6j_u_L<j 6j<S<_L5L»jj <J _il_ >j__jjJ j<j 

< >X >J J ^6j6j<J <-> S_JJJ<J<S <_><—>1—jj_>jj J<j l ><G j>^.6 Jj6J 

v v 

jlu<£ jL>£<_> ^j-S<_>6j<jjJ->J jL> <-JjjS J 6j<jl jJ6 J J jVj—6.4J 

. (\ N _ 1) ^<Lj < L'j>e • jj^ 


































J (jrV^ , 7 , JJ jöJ___j<J 

« cLj^ ^Aê ,J c5 ^<G<ui 

• 4»jj^. 


(Jöj^Jj <u ^^.S Ll g ‘GGj^ <e<^ (^jjj ^j^jj Jjjjj jöjj<d 

JJ I jjl^d UlÎijjLjLa j CjjjJö J i v l * 7 | J> jlj-£<L- j < u ljL (JOjj£ 

v 

^u-G ^6 jjöj<L> jJjjjjiû <GlSû J Jöjj<d (jL jj<LA ^ i t . j j ^j_j 


öjöj* CT^^L^JJJ ^J 1 —^J <L -J 4 -^ jjj ^jiduj 

V 

'j^jjj^ jj^^ J ÖJ^ (Jf^^jjj J^jf^ ÛAJjjû J jj<dj JjjIjL. 

v 

<—Jjj^ j <L_^j j > jl—2 ^<Lj L^—^ Ö J < '—;>jj<^ CujJöJ d Jlû 

v 

V 

. <Lû<^ jL^<L> ^L^ûjGjjj^L 


<L> jl v*ti > >1^4 ^ ^t. i > j jjjj I ~>*ti’n (j4 —,1jöj_j<l1 jU 

j Cjl jJ-L «^» jljju <l! jLjl^Lljj <LûIjöJj<L> jJJ^L-L (JOJ 
i.L tnj <Gjj (jo j>u.:,<l><£ (jû^G ljöjj<J j<l> < ^—’ljj^ (< ^ * 

J<^<L> (jLjj<L> < CjIjI^j-û cJ<L> <Gllö J (^<GjJ cl<JjöjJJ ûeJ JöJ 
(^<^<Ujj<Li_u (_^jjjJ (_£ <Gjjj__aj<L> < Cjjj<£ c> **>ö j j' 

J<J (^öjLûj ûj < CjjjûJ JjJ 2 fc- ^ * (_£<^ûjj G- ^ e 

^ C xi ^ ö Jj& J ûj<£fi>jûjj<Ll <l! I j<^>?- d<J<-l jd jj 

V „ V • 

j-H? 8 




TA * 

= \* - '• 


















• S*jjj ^ûjû^^l! < cLj^û Jj^<ui ^jjjj<l! . 


jûjj4-l ^^î t jt (5 Ujjjj 4^ Cjjj4£[4jj6J jj (jLoû j4j I Jû/J 

<L>(J -Ûjj^jU Ö J ‘ ûjlojÛi^ jjj j jU>£4j 

v v 

^<1^ 1 J4jjj_i-ijj4j lj«u ûj<G^j_^j^ 1j_^jj_^j <J 6jjj 

|ko^4J jj 4^ ^AV l 5"^ ö J ’ ûj<Jjjû Jjj4j jU£4j (J^j^ 
4^ jjjj^ ^ ^ 4 1 ^jl^ûjv-olj jj-o 4_A ^jjj4J Cjjjj-UûJ j1^4j jJj^ 

. û jjLfj jJ4^ ^j4S jjlj^ O-^jjJ II-ujjG 


o 

o 

o 















*j* 


S ûj&jljja> ^£<jLû<J <i<_>j<_A (^lalj * \ 

Ç - J ö j^ iS ^^JJ / ' 

* j 6 je^ (S^jj / v 

L»ij (^jjS (^jik. (£<^<SJjû I j£Loj 3<I> <J dUjjjT^.J<L> j<£<j : T v_j 

V 

S ol J&Jjj (^J ^ <Lûjj<L> J<L» 
jj 6j<^«u<£Jj^k <d jjjloJ^ ^jjjj^jjj LIj : T y 

V 

<? jL>jU ^jj^jû j (^j-a <jj-»û j I j^IûjîL <J jj 

S OI Jjjj j j1, 1*\ 4 t i j > <Jk_>jjj Lj '*> 11<_A <LÛouj v * <L^j<Lû a li : 1 <—«> 

j* jûj—j<J >-jj<£ o —uoöj jj (j-^je : 0 y 

V 

S <louJJ(jJ 

<J dVL ^aiojL. d»j cdjjlj _^_iL <_, <l_,IjjU ^ y 

L^<uji_L »jjL» jL l>£<uJ1_LJ, ûjjL : I 

q - 

V 

^ 1 J j*je < Ll ^lS>j ^ûISjjj <J ^jj • v v 

SsOa.<jjj ^<ûl jLj <J Oj>û jI j 
' jJ * | û> <J <_>, ua. , riJ ■> t >Jl A i • ^ ^ 















V 

U ^ — 0 

<5 j»j*u t _ o 

cu-jjjj r 

j^ir*^ ojojj^U (^oil^jj 1 


















cr ,Uö j*>U- o 

v H 

Solid Lasers 

' ’**'*.* o* - »»* f' s '- «»v A .., 

I> ' 1 V JL. J ( 6 UL) JLLjLl 

doj LIaj^ ^jiL < G-i_u<l><Lû jL ^ 

j ^K»j»3j<J Ji^. tf 4ilj*jj<J ^ 

°>e j^je^ - \ 

tf jdjj«U_ Y 

Jj*. *jjL, ^jj cf it_£»j»j_ ; <J 

: »j<iJjS»j ojiU c5j»3j< 1«U |j»_J . jilSç^G 

Ruby Laser : c*jSl jt jj<u y - ° 



'• 6 u>r jj J i£j*> 

< 4-j^Ljjjj ^JJ^ Cu-jjJ Jj LpO jLjLj^> 

V 

‘J&J<‘J* ojiL tS »jjJ<_ 1 ^jjS^jLoL J jjjS o-yj J 
> cs <t *>SL j-L jjji<£ »jLIj 4 j<L j<j<J , »jl£ oyi 1 * J*"> 
■° ^ <%>-£» <_.L_<2 j<J <JL_jj^ j»>j<J «> J > 








tjj'jt ‘ J|U ' I Sf^lSjjL -Ç^ „J 

<^>*e j - 0 * c ^J < ^*-‘ ,:tj “ *-> >><J <4 oujL <s csj^l 


û^sb ^jjs oujjjj r. o 


(_£<^<1^L^ < lj£ C> -4 < Jj J <f£ CjjiL» (_£j6jJ<J *•< ! ^ 4. 

OjiL ' . JJ-i v&jöj J<LLlû 6 jjL 

V 

d J ‘ Cri 2 L>3 (‘jy^JJ^ /'j' 0 J^ 4 -^ A1 2 0 3 <^- j . ' Lo<J<j 

^Jbj 0 J j*i 'ju c*ij£<C>^> ^jxajjS <lSöjjL j<l_£<l> 


* jyL ^j5L 

iSj^J jU-u ‘Ûjj^öJ <L_£<L_jj_flL (JjjJj ijr^bj 

v v 

jje'y^ lt*j±*jj^ /'j' 0 ^jj^ j 4 ^^ ^jj^ je ‘* 
(_£^_£öj__>j j <_£<!> 6j. C >j >6 J Jl^ 4 — AL q (_£<_£<_^->6j 1j<L> 

v V V 

^jjiL < c1j<^ûoJ<la jjju-u ^<£a£j>öj 1j<L / *j° L> jj^^jLJ 

V 

j<J (yjjj^ Ou-ujj j <J <j^6j<L_OJ ^^<—>6 J jL> A-L> «ÖJ 

ÖJ <U>jj~Kii^j<I> 1 V (_£<£<£-Öa3 Jjj<LC L$JiJ J C£*J 6 j^ 

. Jj<^ 6J oUjje> J<L ^L l^C 1 j<LC<y ^<J 
CjljJ 4»1j (JlJjj <J CjjjIj-Aö JjH<_> 1 J6j6jj<J ^<J c£‘Lj3L j<j 
.oju, ^ (N • _ o) ^i^^jêjjj 0 - ' J °) 

0.0 (5j1j<Û<L> <£ ^jSöJ LLj ^j^U. (^<^6j<Uj j6j<U^<-» 

l^JJJ öjUL^UjUu- <J < Cy J ^ 

LJ^JJJ ûjULuCjjj (5J<J < J OJj^6 J J ,J<G ^ JJ 

. Cjj J^dj <-jjl-<L> ÛJÖJ 6J Lf^LjJJ A j* 
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6 J>»W^ li (J^A-Gj-öL <S±. l t i £y J<£ 

^^ûjLl* f“^S ■ Sl r* CSjSj^ 

V 

. I j<^ûj&3f <J Lr j‘-b£ cAu <J <u<u 

> 

^jJb<L» <^<Gj 5 L>Ajlj < L 5 ^jLi (jL^-jl J Cu_uûJ jj 


ji»<G_uu<L><Lû J<L» JJ < 0-> jj->j j—>û J ÖJ<LJI J^ ci ^L_»jjj (^ûJjjj 

v 

< cLijilAû jjl^<-» < ûjLj j I j(^ - ° ) ^ ^*j o^^Lfl ^^LjS 

V 

j<la (^ûjLûûj CjLL> o^ ^-bv cS^j-e^S S^ A * 1 - 1 


. ■_-> V > 4 -iL 4 __t cJ<-»<^>-^. jj<-^- (jii-»^<--J<j_>J 

«J4<—^<—->jJ£ <J (j 4 *\ £~/. v . J<L> jj _<><LA 4—jjuujj— jl» i JûjvJ 


<£ 4 _£4_ 5 >V L> ûjji> j<Ll-u 4 —jjj—S lL_»jj— ş-<L> Cj-> û Jjû J 

v 

. j<Luu<Gjj<lj 





> _ 0 (^ 4 -jjj 

d jijjj 45 






























j 0^6 Jj6 J 6J<UJ ^<J ^<>><0 j<1 
jl» <J J 0^6 J C^-jjJ jj 3 ^G^jAl ' Jj£<J<-Gjj J<U <J 6J 
J<j<Gj-» j<LA^IjJ AIx^jjju 6J<U J<-»<J « öj<GIj 6J JLL lj<£<jjiL 

c^<G—s»<^ jG, JJ . cLjj->V S^j«£j<L j:UI J ^<Gjj ^jlL 6J 

V 

jL jl£<ULMi<G^J$ < cjjj^Iaû jjl£<u 6j<jjj^jjL-u ^<jL£>j 
Cj'Jj <£<CjSL (J JJ6J Lj 0->j^6J Ou-sjjjJ ^jjjULj j_jO<j 
6J dLjjjJ (_£ÖJJ-0 <_> jLöJ <*6 jLj I J^ N — (_£<jjj <J <J6 jj<A 

V 

V V V 

(_£<jjj<J d6j j<LA 0-Jj^6 J <_J-UU<L> IjGGjiL Gjjj J<£<J s-jjjG 

6jLj !j(r_o) j (v__o) 




T - 0 (^Gjj 
4jI j ^4i4-iUi 4j>is iS Jjj 













t - ö 

lj(l _ 0) <J J6 jj<a <J CtfSL 

. 6 j Lj 

^ 6 JJJ (_£j L^ijA (_£<_£ J__j<Lo Cj<( ljLj j_>j j£ jj£ 

^»*.oL»C ^)(_£*jjj ^ J l xuL <^ <—jûj<j lj ^j— j-qjj^ 

Jjj J ^U-jöjL-oj <_Clj î <_J<A ^ljlji ^J^JûJ^ 

LT^^ û JJJ ^ <j J_» 6j<j jjLj-ûl J <J JjjjjLJ<-> Jjujljiö J 

<L*<J (jio<jljlji <UluuL 9<C 4<6 j<_jL_£L» Jj<- Tj<_jûX 


T - ö ^<Qjj 

<U<U jJSjjJ 4i djjdjj4j 


(5^a<j <Sû jjöjlj ^jjljjj (jiiL ^ûjljjjij 



















■ UtMllllitHii 


• ^^•llltl|t| |IH | )|IIM|MI 


i? j 

V 


^lMr = j 


•% 

.< I v 


... 


I X J 


£ - ö C£<1» j 

IJ C)$ab c^j ^ 4 - 1 ^ 


cji^U<-ijjlLjJ<!> j * *j <—>I ^Lijjj (_^ö3j 

V 

6 JjûjLj^ V ^ i oLj ^jUûjjj <J jL£<_> jj ûj«Lj jjlSj-ol J ^U uL 
< ûj«l1jj<^ûj (T) jJûj jILojj ^^LIxjjL j_» 4-iLjj VL J’Lj j<-» oLL 

• <Lj£ jL^<l I j( V) <d jlS LjjS^-J«L ^ûjCL ^4-*^ 

I j ^ y ) (< 1^L <d ^<£ ^<->ûjIo^j < UbjjllJ‘L c^ûj^U (jiiL 

(jxiûjA-i < dxx j d ->6 JI J 6J<-jUj-o I J ^ i < « L jj j-» 

v^Lt ti >j jjjjA (jZ* 0 11 ~‘< * <1lx.L_ijjJ J<—» (jl j iS L$J >*^ *-*" 
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<2? 


J^^JJJ J^J^ <^J^J J<1 . CujJö J 

<("V^ i V M ^L^dj^^ui. (^jjjJ j I Jjlji-u (^<^<^,<1 
• JJJ^ i*^ JÖ J < S‘ (£6j<jLî»j6jJ (_£J-A <Ui.4_o<C 6j . CjIj6J 





OjîLt LÎjajJ 4 - 1 OAjjlj JjAa (I - «) i^j'i. ig 




















q - ^J kj£f cr^“ 4, J c^Ij 36J : N v 

V 

<J jSL> f jj°jj£j '■ x ' v 

*• ‘ j ojSLj cSj 6>U t>-*-b^ 

IJ Oj-Sle C 5 >>-.‘U *u 6j<_.jj_^jjU- c?l-S.>j <-^!J-±> - 1 

S aj<LL.j6jJ«-l Jj j— tr^^J V - V 

,ljL^ r ol ^6 Jj 6 j 6jLjiL <J 6 J 6><1 c 

, ^Jws* Jj—V* 

M 


o 





















ö&**&&& *ih r " 1 

3 “eie cjj d je tLl cu-^jj r - n 

*33*y >J 


jk<Lû<Luj jJj4j 











jli4_Lû U « 1 

Liquid Lasers 
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^ Jöj £<_Jöj 6jjL <d 

ll^j^J JjJ^-> <><Lû<d<L> j JSdC ^ J^<U I JjûJjJ ^JjS 

J "4 ^jj-k jjJj^^jL <->lj<d < 

ÖJ : ‘LL^jjj Jjj <£ L <ÖJ<J<1^ < <U<LA jlj<c ^^jjljûjLî, 

<J jLûjll j<ixL ^L_uî>jl£<L» j*Sf<U : Oj^6 J^ ^jjj 

jL J < lLlÖj <^_JJŞu < JjLûö J jLûjiSljj <Ll_û<d<L^. j »^j<j j<Lj jj-û<-4 

‘ 'SfLT 1 '- “ “- Jljv cr' 4 ^^' (J^JJ^ “J ^JjLj JjjS O—yjJ jJ? 
ö^jK ö Jj<L^j<LA . Cujjj^6 J ^L_uL <L> jl£ j <_Li ^1 j<L» j6j;ux. 

V V 

j)Uj_»6jl J ^j<jjûj (_£j6jj 4_I (_£6jLû4u LLûL1AjI£<L»jJJ <J 
6j<L» j<j<J < <Lo<^ jLj<_»(_£ j^x <L Ij<l 1 .<L»<LA jl_ûjj£j i£ 

V 

L c5*j<L ^Lû-L jiujL < <^<l» 6 jljL 

OjJjL^L jl^Llj ûj<L> j<L»<d < <Lû<^ ^lf^V L. <Lûj_»<L> £J-Ş" 

jj_û4-A ^Ljj^. jjj<^j I jjl^6jLw-j^ <JLl» <L»(> jöjj<d 6 Jji—®c^j J 
6J < <L»<LA l,u7..»jl^<LLii <d <L_»<LA I _L_»L^6jl^ <d (><—»1 Jjj^" 

1 j<d<d^L 6 jL<d ojLûj^ j 

(^<-»6 jL lIûj jL<LLi ^L^j^öjAIjL ûjLj<Uu<d jL£<l 

is <s} j _s j u 'j-jtjjiz 'jş 














j<j jL^LS^ 4 < 

V ■ ^ ^j£*J O^yjJ^J yL<L_,<j^_.^ 

c^ <£<_svu <jjL ^<5 tf <L ^ jV< j 

Lf i<^SjL<i ^UjS yj LL«>i. <Ujjjj , CojjS^J l J <^ i , j 4 < ) j < J 
»jy <! ^ ^U 1 »jL<j ^pL Ly^i jj , Lj<-Sj» jLjU 

O 1 * 4 * 43 IjtyVya- cSjILLj^j u ljL<J <_S< 1 L |j_Jt<< < M ? , 

^ J 3 *jUj * j(N—~V) ^<_öj <J d»j u <j* cL^j 

tf^jSjL <S <j»j<i oJj^j^j |jiLS<Li ^.1 La u I <« .<1 


jJ»j jLL <^<^<^^^^<5 cj:<-L _)<-<-u <jjj<S» J y<<Aj<~t < ’<! <.r. 

cS^J^-WjjV 4 -* ‘Sf^j^jL j<C , cûjL^ jj(S<j JVL. ji6jli 

^6j6^J<J J<J (JtjljjL (jl^J<J i^jLiCj , CyjjSö J (^Jj<S (^<L 

V 

. l/. \ ^ ,t<<»6 J<L> CaJ^<jLûöJ 






«IIII)<|M>I|I|I|«H(|I 





• ■ •r..*«m..i*<ip« 


jA » <~ J.^» 4 y 


V -1 cS^-J 

l«S6jVj^ j<S<J -U-Ub jSj- c^^ 45 ^ 



Ornanir Hvfi Laser, 

^(Sorokin û^jjJl^) ^ ^ ^ i 
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^VLş-ojjL. oj . l j^ u 

-Jt C5ÖJJU 

* ^ 1 IS'JJJ tsC jS 

| <—-^ «J JVL^ 

<ul Jjl£djljjtj jL. <J (^jjii ^<L_,6jjL 

V * 

• (JUu.*- ' - JjiLi) 

CjjjIj-AûJ jl^<-» I Jj6j-><J <J (_£<5iVL>. ûJjLo j<j (_^j__»jj 

<JJ-> (5j6j_J<J 6J< Cj.a.)6 J j—>J— jJJ jXu-uY <J j4—o^6J<j 
• Cjl^ö Jjl^ t J^^_jLlxiIj (£<Jj^ I J<^6jjjj (£^_ûj<^ 

V 

J jU 6 L jûj (£6 jLo (_£j6jU<J<_> <jtj6j-><d ûjJLX ^<L> 

<d 6jjj jlş£<j> jL-Jlj I . , L lAjL£<-> 6J jjj-jjjj.-JAJ 

. I jjl^<U(^jLjlj 



<jşşş£j 

JJ 6j<^<J6jjLo <d^6j<jl^<_iulSkjj-» <L»j-> <J j6j-»<J ^yJJ 
<j t J jLo j<i j jo<jb I Jöj<j J<£<J jj^6 J _H 

<jjjj^J<j (56jLoj d6j^<U<LA jl_v.r.4 ,jl A ^<_> jj4_o Jj<^L j<^ 

(<£<Ljjj (£6jIj\£) <S<^VL?. 6 jjöjL . I j£jjj<£ <j jl£<i--*<Jj‘ UA ' 
<J 6J cLuL£ c^ujj J jjjlj^ <J cd^6 J<ut I jW-jLi ^ 

^ ^ ^ljjjljj, (^6jUj<_ 6J . cLjiöjl j I ^£<-LjL 

ÛJ ‘ <^<Ujj 6j<G_Cuj<c <J <t£ <CjiL ^j6jj<J I Jûjöjjd 

^ \ V' • ciTjJ>— <J ^ 

dUjJJ <S<GLi <£<-* u*V 














T - n 




y 




I Jilim i Wil 


<0 I jjL-^^iii ûjûj_j<J <d j t£j 6 j-^ ^L_jljj 

J<l> ^öj^ûU ^öjLo öj . o1»öj Ij oljjlS Laûjc^ 

* A— 

^j^oj •jOe^ ^ J <*• '' •J^ 

^iS^^ljlji <£ ii<u<ui ^-u^jU (^jejj -V ^ 6 - 1 

• ts_>’S , J->J 6J<d j f-jj^-^ 4 " 1 ' 

^ • t_, j^^j^ljlji j tj^ijylj t# j e_ ,J 




































. CujjSa J 

V 

4S*pjij±y jjp. - r 

4S<ûxiijjj (^<ûj_ r 


PDF4KURD 
























^<uw<u« ^<u 


,IUi <J Ij_,L£‘lU J <j <U<UVU »jjt> ' V 

v V 

ç cLj£fl>J öj<lil^u-U 


J 4 j <u li -^J-X- o<-^L T y 

9 j<GLil£ I <J dVLa. ^^>ûjL 

^»^ d ^ tf jW# * ^ ; 

S jK<-L-L 


.o ^ ° ,jl ^ 1 ] 

i<u ^ ö jj<aj<Uu<J <£6j6jj<J 


9 Q v> a Jj£» J 6J' 















r 






wJa ^flU t ^Um 

UJrf® : 

909242 i 4*ljj4ij 5 
1997 <jn4? u * , >- 
ûijudS-j* 1 ^ : 


3 

I 

-J 

r 

3 

7> 




Û^S?l£jlS <>j<>^j4J 

' - v 

l$^î J j<Luj Jjj^ T - V 

^jj* *mjjjj r - v 
* - v 

i ,J 6>> J fî- jljft 4J \ 1 <j 0 . V 



























Gas Lasers : jis ajo^u . v H 



v y 

«J Löjl£ JLL ^öjLjû j ( _^<Glj<ilJj^ ; lJ j ^L j<L 

c$li û'-û? ^Ljjj L$*JJJ c£j' J J^ lAöjj<LA < Ij£ 'j^-iL£öjl£ 

V 

(SJ^ <S J^J^^~° (* < ^ < L> <Û (jJI L 7 ,) j (j_>jL) uJöj Jj^ (jl^Lolj<J 
jLûIj^ûLj ^jjj (jjû<L»I j öj < j><£-> o-<-ujj j Ij N^oA JLu<J 
<^'jj (jUû.) ^jLjL<j (_^LIj 1 j JL-u <d < LLa llm-«ö j<l> 

(j<û<jl J (jû<L1 j_ij<L><Lû j<L)jj < CjLL JLu-uJjJ ^jl£ (_£jöj_><J <L) 

y V 

J CxJ^ l£j^ <1 û jL^j^ c£ 6 j^jjeJL*- c£>*<e c s^j^-^Ji lt^j^ 


11i-A vJIj-«-uö I J ^ ^ v 11A 

>>Lj j^ t^'-^*j ö j-e < d jj— ^<la <lI jjL^^-j^ jl^ öjöj_j<d 

: 6 J û j'>^ j^lLjja ^<L j<Lxd j ojjl^j^ 

< (^<Û<Lûljö Jj<L) < L>(_£jöj-><d <dj__)<UÎ, J (^U^öjjj öJjju-u 
û JJ^J 6j I-A«>jj<LA < <^<f(Jjöjj<d Öjj-^JÖJ ^^iiÇLL 

JJJ^ <-^jL»<J <L)<LA (Jj<Jöj<J (_j-jljlj.fi ^Uöjlj ^^^Jöjj^d 

V 

^ Jjr?^ 1 -" (Jjfj- 3 L (jj<UjjL N N * ) I JjLöjjjJ <j^_> 


. j_><La ilL 

*d c£j û 3 f ^ 1 ^ 0 ^yjj'j \ ^ A • J|L_u ^û^IjöjL L 

V 

^ 1 ^ ^-)i L ajL<l> <_) ^jûjj^L) < öjuljjjj I jjû<_)(_^jl^ öjöj—)<J 
^ jjj j f 'jûJj^L) O^^jOe^ c£ 6 jL»j û j < (5jI^ (^jiöjL 


ul jjjjjLj <J jjj (_^ljj 












J 4£öjljjjjjj 4lduj ^jjÇ jy<U 

.... .i«*. . . .,^ “ , ~ u. i i i m i 

^fiX^ J LT* 1 -^ CxJ - iJÛ J *L >» LT^^J^j-f^ JJ—j_£öj \N 

• C.UL >6 J 6J<L> lj^> Ju 

*?>?• T ~ V 

• i* j^je^ - *j*jj<a _ \ 




Ö^jLj j jojj<J (JLSu^jjQ jjjJjJ _ T 

(J JA ^ i S ^J (5jdJ^j4j jtSAj^ Jj 4JS1 <U(jjli Ojdjj4j - r 

Û>*J^ 

jj jlu6j<!> (jJL_Li) j (j-djLû) iJl^ jjjj^ IjN^oA JUu «J 

lij<_»<JLX» <_J CujjjJJJJ jl^4_»(_£ jl^ ÛJjJ l^->ö J J 

V V v 

jj-A <i^<j<_LÎ. ^LlLAjLAj <j 4>Jc£<j^14j<LC ^J^ 0* J J 

• jJjj^Jjli j<-A J-j-A <jj<j<LC jL j^>. <jöjlj 

<J 4 % \ t I _ljlij_ûjj4_> 4j(^jli 6 j6jJ<l) 4J (jl^4^VLi. 6Jjl_o 

^J^Lj <jL < jLjl5><d<LA jL j L<Lojj4j JL öjiS (_£jIj4j ^-oJJ<L) 

v 

jl5^4_ojj4_j 4 o4_A 6 Jj4i <j-*^—i_uöjJ<LA <- l j l (j-°l—^ j4j 4^ <_^jlj4Û 

• vj* ÖJ 

^_j-ojj4j 4j 4 j^jjjj jlj4j^jjjL ûjöjj4J Lk. ö J jLo 

4 J j_jL_»j jL <- l L jj ~^j J4j ^jj—^ u^L jl—jfcjly^jL öjlj 

(L. 4 J Ijö Jj4j (_^4_9hjLi4j * i ‘ _ k > « 4-oj—>4j jd J___jj j_j^_J4j 

^b^-4 

v v ^ ç v 

I J4jL^jjjL 4ju_uL j4j jljjj^J 
<^jeL c5j«j-^4J c^Lijöj (^jlj^L c^ 4 —‘JJ—^ Oej—^L 

Öjjajö J 1 ol Jö J lLÎuj j j<Llj j CA^L <j^Ljjj <d 4jjjjL <^j6jj4J 

















. <!*«. <: ,j£ <s 6j _^ ^ 

JjS JLyjj r <_J<A ^jljlji ^ ^ 

• -’<*<■ lsJ j? U 6 JJ<J,, IjjUjj^ 

• ‘L"'- 4 j^jjj ^<fLlji ^jjj<-> jlSt-, i _ r ,j_,lj 6 j 6 j^<j 

. <j<^ cL, j Jjj ^-.ttjl Jiti ^<L,4-ii.<L, <L, »J<Ûj<utJ 


'iSj^ Cu-jjJ r_ V 


v^ 3 ej j l _ 5 ^ < Sf £, 4 >^ ^ . (_£jl^ (_ 5 jöj_»<J Ou-ujjJ JJ 

'- > j j !jj J j-l>LA ^ <j^ 6 J 1 (jl— j<^ jj->j —>û j I j I .i—*\>jL 

JJ-)j<-A CjjljûJ ^k_Ljû ( No.r) jjj *U ûjûjlj <l) (_£<î£û_/-j .Jlxjj^ûJ 
C^LIj-j jjJ <_> 3 l£<J Cjjj^û Jj^ (^ûj<j (jiL <j<JjJ j<j (_£j<Luu 

V 

JJ (jLûj<U .[ j<Qj-ujjj j jV ^‘L-><—lLj_^<j LJjj^ûJ 


J> A 


J,l: <J 


ûj<__>lj _^L 


J- 1 -C-U-Jl. 


-A<j 


V 

>^J 6j^ — >^ )6 J 6j<L> - ><J i 6^4_>1_ JJ\j\ *\j< 

i k > < Cjju> 6 J ^ly^j<o-u_x><^ ^f^<L>^^L>jjj 

¥ 

I jjL»jljjj<J <^<j^^Ljjjj ûjjj!$ djjj=u<_> ojjjûjIj I j<jjjL>jjj 

¥ 

<J . • I X < i < (_£j^> (_£j-^jjI_A (lj<^ûjl£*j I J<^û JjûjLj jlj<-> j 

Lj Ojj-SûJ Oj-ujjJ (jJJj<—^ÛJJ (^S<-JÛ J _> ^ ^ <J j'— ^j'-' 

• ¥ 

V , . ~ l "V <LÎ JJJ ‘LjLjljLl <L><LlJjIj ^.<L> i Ç> L7L.J6 J 6j^^J 

¥ 

. Cjjj (_yfj^ <_jj<j lj<J ûj < 


Lûjl£ (_£ûj<L_jjj-jJL^ V tSJjj^ 6 J 6 j-rf^ 

<£ Jjj<j—^ ^ ‘ J 

<J jl£ûj<^o<ru <ji<jlj<J jLj i OJjjöjlj l£ 6 Jûjû j (^jjJ 











^ J J jW ***■ «* ■ ^ MJ ^ ^ 

*^*'+ •-»-** .c^ .U 

jU <J <£ IJOI J,<£ jtJjŞZ jC uljU <J Jjiljj, 




Helium-Neon Laser ÛAP *“ i - v 


JJ-iûjûj_»<J J<J 6 j<jU<jLa JI jS 



























‘ >jjL UT«“ J r j*U jis ^ 

^ aj" - jwV» cr' ls L**<J • j tf 

ij^-Uj^k* <J j^lj^tssj-UI^IjS ji^u ■GuyZsj cî^-UijjS 

1 ‘'"- ' ^ ^ CiJ_>i»jlj (^jlS (Jj»jj<J (jjjijLO <_, <S<_j_j L i" 

jljl^ j<* * (j_*i - fjaU 

(jUUjlj J<SIS>J ^JjS OjjjjJ ^-Çij* , Oj > _^JjL£<j 

‘ Cxj^uuAö jjl^<U <d ÖJjj^ûJ <LCU<U<LOJ<C 

j j 6 j<1L c£ û jL-^-j<~» j <^j^ (^j4j-j<l 

^^AjT* cr* J J^ vlucujjj 6 j<jj<j<J. cjy\£6 J«U C-ajL d<UL 

■jT . <LcuL ^<£<gL1*jK<u 

j Ij 6>-û- fj-çU(JojJJ ^jLtoua /e _ V 



^u$4£U,>j 


^ 4 JJJ ^IS^L-L (^6jU ^-ç^jLHIa (V _ V) (jcLj 

Ijj ^L r <Sç (I) I j<S<L_,< 1 , ol J6 j ^l^ , jv^_ 

otUla^U ^<:<J c^_^j ^^SjJlj -j 

^ ^ C^^^jlS 6 0L6, 

J: • dl< * ^j-^^.j^jjS ij(f) 

.j . j-UuSç (jiljSL -uLjj^JL r <: t .u<iii J < ^<.-.i ş 

«r ****** ^ 

„v W Li^-L C56JJJ <u LLuducL' 

J / % t aa\ C W v - c * 









6J (‘-j) ^1j~u\L <J <_£<__^_jJ 

ö j<jl£j-oij j-> <Gjj<^ «J<Uj<-j j<_> ^^L=k_><j<J <£<Lûj__>Jj l a 

6j<j->j<^û J 



^oljJ oj<-iw-eJ u 

6J l ^Jj> <uX <J J^>-> tf> <^> J Û J ‘ 

<J 6^'j> cS 6 J^> ^ **■* ^ > 6J<1, ‘ 

<J <6^ tf.jl-5 .j«^6jlj^j^^J-> 

<0 ol>6J O-—JJ-I <-‘lj' , <?> cjA** 1 <_>“> J ^ '-'^ 6J J G ( • ^ 

Ojj^jjûJ Colj> »J> |J M j M ^ 

. ûj<GGu'jS <^JJ 


















ûj<L>l£e>jj4-> ûjjj ^ ^^J^ ! j£ul£ <J 

ûlfc^* (jjS* Aj ' J (y) ûjjj ^^ujLj jj 


Jj^ ^ j6 j^ <e*jjj jjj 


. OjjJûJ i> ^jjuuu$j<j 'ITYA 
6 jûj<^-u<J ^<Jjj<uii (j3f j J j<j ÛJ^*- f J, * L l A iS J 6 j^<^ 

J J — « « iSJiJ- 3 JJ j j _L jLx*L 


''"j^ o“j-*cS_5 <j °_5 ■ a jj>“jj'>=. cS“4jU oLj>j <£ «,jj<jjj^jL 

<J 4jljJ ^<-> , Sjjj^ujjlja. (£<^»JJJ J <şjli<J <£ ûjj <-ûj jLjL 

Uîja^xJ <L» J<_, J<$<j , jajiajlj jljV J_l» 4_Sj<_,<ui Jjj 
<£j<_>4_ii jjJ ji<j , <-aj j ,. ,.<w <j ~\XX A (_5<S<ljj<^ j_><l> JjjIj<j 

<1 _jjj<S»j j jjjj Lr >U<_ 6 £<L Lf i - Li,jj ^Lj^j jLojl* 

I j(T _ Aj (_j<jjj <J <L . I j<S<_ij_u (5 »jjj ^Sjj 1 _ t jL<j_culj jljJJ 

(v)*LX JJ <S (^uLjjjSl^ J<: . (jj^j^^j ^jjjU 

(j) 1^-L jj ^jU. ll »jj*j<: ^j<j 4J l j 

^L <jlj<i , »jjj><S ( v ) ^L d (j) 

'->" < -? lj <J*AX '^-“JJJ ^lj»Jj<_> lj J<__ 6 jL (j) 

o^AijX u“‘ u <-‘ ■ ,J (v) _j (v) Lr^LjjjjUi jljl <J jjljij 

<2ûjCj_><J ji-L jj-jjj ^Ij 6 Jj<j ^jjkjjUa j 


o 

o 

o 











Jslj (o. _ *j 0 ) 


(\ - v) 

^U0i<U C<Ll.U 


O 

O 

O 




















J \j<S <-^=k. (jj^ jLj ^£jûjj<J ^,£j 7tjk \ ^^LîJjCo Cj<juIj j<j ^ ^j 
Sl JjL jjj<J öj<^JjS dLjjj ^ . *i i <j<j<Lo jj ^j l AjISU ^jJb<j 


CxAj^ c sj^ C*ylj 3 <i LL s öj<h^,IjS<S:j\ <J <u=» o-uu^u Y ^ 

t5^ < fjf^* t5 <CL«,<L.<U 

' 1 -> - fJ^V 

■' J ^ -tfk* ******* ^ ^j> s ?±h* r y 

is'J^ JQjj ' J ( Y - v ) is<±j <J (j) ^u'Lii i y 

'l cu-jjj<J <u«Jf, 


i(£.j 0&<ui jû j>o<u<u ^_<u, jl^jli (j(i o ^ 

‘î <_,! J» J Ij<(£ 

















i jl» ^ j^je 4 - 1 lt'^j^ 

• colfc* ^ l r ,Q ê A J^ 4 -‘ ' - A 

• j^ Jj^je 4 - 1 Y - A 

. çjlS4 uu \\ dj4« Jb JjSj4-cudjLik V — A 

• 6 ,J ir*JJ?j> JS t- A 
. jOju4j *** jLxi4xaJkJ <LUVkftjlS4-» 0 _ A 

jV»tSJ 1 - A 

<> j4_ijj_» V - A 

V 

(jN A > «1 A — A 

•• 

• ^ j 3 j j je j^je^ ^ - A 

4 V ti4 %j4j (^4Ju J JjOjj4j V» ^ - A 


. ^4ji <"i4 A ^Jj4u ^ M < W»jU<.iijj 


i/ 
















il? *J yj— 


•jl—s«u _ 



1 ^ J&** ^UÛAjlS^ \ _ A 

.ajljlA^ij I J ^.t i j jj <J ja3_j<| 

jjj »j i <j^j<_<;j<_l^<_j<j ^u 

Jjj Gj' -lA>* 6 J^> (j">><-I jU<j <J 6jjj<LA (£ Jj<j-u<j 

. I J jljjuoö jl_> (^jU jli 

(JjGö Jjlj <jljûjj<J <£oG j<£ (^JJ^ (_£ jj<LA 6j6jljii<J 

—'. CtlJ-*^ 6 J J^S* I ^^“j jşf^ 
Carbon Dtoxide Laser \ (jy±J& -u-uS^j ^£jdjj 4 J- • 
‘ Ji vZjjj—jö jl J j—p jL^£<U <-> öjûj_J<J ^<L> 

V 

j^jSj^j^U-u^Lj jjj <£j<£j<2xi<j jj Jjjj— j!j_Ixiû J 

J<G J (j^jJG (^jJj^j^GuûjU. JJ Uûjj<L 4 , Ojjjj^jjU<-> jjjjjJ 

v V 

. (jl jJLj-o (_£ <L^_J<J _/\_<_Ij (_£jJh <jjj6 J <G Ljjjjj.^jjU<j (jj<jlj<A 
Ojjjj c£->JJJ V JJJ ^ jj '_> 6 J 6 J 6 J 6 j^ (JjA^i 

v 

• cj- , 'j^ 4 “‘ (5 j< 1ÖG <G jjj<j (^jjai^j LjJjJjV J 

jj 6j<jjj<^6 J GLju-.>L><Lo j<j jj j&Jj<J ^jLjUjl^<j ^ jjfl-j 

V 

<£6j<I» (jj 6J<LA j<j ^JjjV Jj ^<J<A ^ C£ 6 Jjj LljJ J<-> 









• -*■? j<l> dLLLj 

Nd: YAG Laser jl. ^ . v 

Jy^Ji <£ cLjwLJûj öj<-» öjö>_j<d ^<L 

JiJ^- J jl^ûjj<döj<LA ^j-JJ j—^j<<—<-<j6jL^. jj l—Aûjj<L4 

ujjej^ 

^_»Jj^j<LljjûjL^ j_> ûjljL-Ajl£<U <L>Ijjj<^j4j_u öjöj_-><L) ^<L> 

• t>^ 6j ûJ<^ JJ (5<jVjjJ J<L jVûjjû Jj^j<LA 

Argon lon Laser l£ joj-^U - £ 

V V 

^J<LA<L> j (jl^<JjJ<j_>j_> (_£ûj<j_ lL_ujjûj <£»<_><_> ^LIjj ûjûj-><U <L> 

. <L><LA ^jl^-Lj^UuLL <£(£j$. ^Jj^ 

Ruljy Laser oyu ^j 

(^LIjj Cvj^ û Jjû J (^ûj^J <_£<J(_£jûjj<J <L>jj J<L> ^j^<L> ûjûjj<J ^<L> 

v 

<J c5 JJJ'V ‘ J<f <LA ^jlfj<JjJÎ <jj j_> (_£ûj<j-ljL-ujjl J__£<_><L> 

. Ljj j > > Aû JjL^<j I -jLx ^_>j<^j<jjjj<j 

3^- 3J 0 ^ r - A 


Ö JJ^J Ö J ^ 


eJ* c^j'^e J HJ 5 ^ (^jûj_j<Ll 



Lû J ûj<L> OjJîL (_£jûjj<J 



>i J^ J 



<J jjj^jL (_^jûjj<J ^_ujl<LA ûjjj < Ojj<L>LLû J U<u<5j^jj£jLc 

V 

(j->jji.<LA j_> ^<J<£LIjj (_^û Jj ûj<L> Oj<0». jljJ-oû jL (_£ jL*. (j<jV 

V 

(_£*}/L> ^^<l>LIjj jjj^jL (^jûjj<J ûj<jj<j<J < oj5L (_^ jûjj<J< 5Î *- Lj j 

6 -3 ‘ (j^^^j^j-û'djJ j (jf c^ûj<j jjL_ujjûj<^jj jj ‘Lj^la 

— ^^jiL j_> Oujjû jI j jjj-ûL<l> ojîL (_^jûjj<J <J I -JûjIjj ^<1 


0 












. ... 

J. r ...<j j ^sjşj < l >»*Jj£*"' jiv j-JU^ 

■u<S «j^ -V' J 1 -^jL. ^IS^U <j 



jj-o<Ub ^öjC J 6 J ‘ '~ > ^ Û J ^-JJJ (i> tf ^ 

, J^<* c~L <ÛL-<J<I» I j<CLj<d , ^Lj^j! j jL^ 

<u fV*L» î^j'j-L^ J^ <J^ Ö J^ <u<i \j ^j 

J<C ^JjS ( ^^ i û ^LÇj^L^ 

V • 

• Oe3ejW j Oej^* 


(jlS 4 ** i n <>^4J& J^4 -uj<>jLa r-A 


LU 


^Jj^J^ÖjL. L»JjL ^Jj—^ÖJJJ ^jûJjC ^£-lLj 
uT 00 J iS^ 'j^ Cojl^Aû Jjl£<L» <ûlj<(—Aj<J ^»Jj--»V j ^£jj<L» 

J c£ j jjS* jjj <jlj<^ j<C u>" û j <- 1 iÛ^ ûJ LJûjilj ^Jl jjllû 

U^J*^ U^LI^ UJjj f< j ^ jSi<u . j^Lujjj 

‘ J ** j • j au^, ^ j<u» ^ j^v j. Ujt^v 

oL*y<i a j <£ 4j<Lt l^o ^ j6 ^ u ^UJjlSv 

!* Uj<i ^ J -* v * ^ou 

* "• s -W J >- i cSj‘U j o-Uj^^ <£ -. r j •■ , ^ j'Liu 

. J __ J< *“ ^>“ J ->oj-^<J . t , /, jL^jj-Sji—<jU 

^ ^ J jL Ojjjj 3 <£ou^ ^*jjj JJ*A^ 

J ° Î *J* J »j , .GLijUV, V.LL ^jli ,>->> 

. CÛUL-jûiy< J * J 
)L • • w»^ - *_ ^ .«.">—»<J 


ci 


‘j^ jC 


>jL ^ YAG lSjJ^ lSj'J^ 



















L, öj<£ lJ <£ 6j j<L cLjjLî>öjjL£L> 

C v • 

oj^jU. J'U <ûl_ > 3<tS J <u_ JJJ aj . c4J .j-.U.jS I <0 


. CjISL j 

jj^j^ûjU. ^> jûjj<J ^ - Ur . j; öjjLj JLu (\ •) jj ÖJ<L 
<1^ ^L> j<—<J ^Ij^jjjS^iL J<C ^V<L»! ^jLaöJjL<u jL 

j<j j v: 1 L _ lx > (_£J<LA Jj^jL-uû jL^Jj CjJjJJ^J jL<j L CjlJ j_ 5>6 J 


<J lii.iijA ^j^jjAj ^Jj^LlaiöjL^. j^j^jö jj jLljjL (£<jL! jli^ 

• <L> I J Ljöj <Llxi ^jULC.LjS 


Oii? jjM 5 (jlj t - A 


ji jlj ^jjSj-u-ojLş. jj jt.j-.<J 

jK<j^LuL IföjöJ (_£öj<-> (jJöj d—>jljL 0 —jlA<_> jj_^ Q i <iLA 
jl j ^Jj^ v_jj-u<L^.^j <j<Cjj ûjj-Cj c£<Lljöjj<Ll J<U < jjjjj^jjl^Lj 
. <^ÖJ^JJ<^ <J^ tgj JJ-VlU <jl J (^IH^LI jjjjj-AöJ j»Sv 
I Jjs jj ^j^^lL <J L> JÛJ— jLl <j jjj_£j<* — «-uöjLi. 

(_£j-j<j "> > ■ ■ 0 v A jöjjLJ L> (j Jj^j Li-uûJ L^. I > 1 n > >L . . . CJJJÖ J 

jöj_j<Ll<L> (_£< !>l jj jjlÛj jLj Cjjj<L öj<j 1—£J<J j<—j— jL_ALj 

V 

i jjöjl Jj<j (_^j<L>jjjö J<J jl£ ^^j-aJj jjL^. j->j-£oJj<—uuöjLa. 
<J <^ I Jjö Jj-v-uj-oLA jL> jU.<d <jj jjjL> ^^jjjJû jjLLjj-uj^ J<J 

. cLj<^öJ jLo^öJ LLLajI£l> 


jöjj4j jl u i4 J jj Lk 4 M jj^ jlS4^ 0 - A 


' > , > JJJ (_5^dLi. <J jöj-jLl ^L-JöjjJ^ Jjjj—>lj—» öJ 

<^öjojj<J J jj<ui ^j j<J <JU j<j 

















:1 jpl>6 j <1 j 6 j<j ^<34 L^ jj ^<u < öj<—\\xj cL^j^ 


-^Ejnngi 

6j<Gjj£jj£ I <J jIj^^jLj L ^< e Uj5^pF 

V 

CjI J-» öjj<1 jjj ^ILLjj j^^JJ CS û J^ (5J-A <Gl»6 J (jiojL <£ 

J öJ<1)JA.1 j J öjGjOJJJlJ (J^jljjlS 6jJ^» «L<-^» Cu-lljjj cLjjj<L> < 

V 

jCij-i jlSLjlco j .. •l/L ^ *?“*<*• i 3 *j tS» J L. 

<J oK*->jK jo 3 e<J v ts^Uj^ ^<ş> e;l-£>J • 

4 •.!•.•. *><<_. <d dli <4 öj^jljl <1 lj JLij> j? 1 J j'jV 

: jL?.j<> <jj<i»-4 J jo><J t>^<A5 jL-“<»ijJ 

(jjlLSJ- > 

- T 

(jLûxxJ _ V 

Welding (jjllSJ — A 


4j j-ûlSJ (_£ > ^LS^jA jj^<-a c£ jl* ^ -A^ 4 - 1 

<jjö><J j)L Gijt^ ö Je^ C^-A^ Liu>l>6J > 0>jjj '-ûlS<SjlS 

oL .*rJU <GjJlSJ j<J j<SL < i* jU?^ 

• jL£c£J^ J l^J^JJJ <1^ 

v 

^öjU j <Söj6jj<J ( 5<_SVL> I—>Ij_J<J <_£<_>j<la 

^jU <J <-><-& cSjjj ^SjS jj^ ^<SöjjjS (^ûjGöjG j (5<S<_> 

. lx>-ÛUJ 

c v 

< . ' j, a j) . . " . . JAj (jî j ö j—^< 1 t><—*' ‘ " a ?<° ^<~* '-?? 

jo jLj (_g >j . .. *> j csjo><! ,ojjj>oJjl—^ . 

j<l . cljVkojjU^ 0 ->jLo<1 JJJ l^ULSJ 

>3 <l-ej^ ^LaoLJ 0J>» j»U > c;<t-.Uj 

^ 6 UI>U jp 


















Cutting 


V_A 


>s <_,. • i , t 

• '-*‘ u '-^^L^KlIjjLj.o ,<5^, ' ' 

: ‘UxjL • . '. “ JJ tS6j ^ 

- J ’ >* tfSUioî ^UiAjlS-U 'i 

^ j ^ 4:' •• 

^•ulSjöj (\ A ) . c^jiltojjiSç ^jis ^j^- 

J <WJ tf (XOJJJ tf <£ 0 lj # j jU. 4j<i4 

oeX*jK *S<jK>j J<5<j oij £ o • ^<_si_'ij: 

^j J^<J JjjL^ .jljj, # jISj^, ^ . oljJ <* 6J ^ 

JJjjjjLj Ij<l» ^jL_<j <j oli, J Oj_jjJ <sijjK ^.J^j^ 































1 



I .• . I 

• <u^jU • 




v‘l x-v a<J <Uk. \L» I 


•••»•■•«»• «• • ••• ».•••• 


olhij* /o \ _ A ^j 





jil 


'V ^Kû J ^jjJ 4£û u ûjû<J jjjj<L . 


( Y - A ) “J ■ (Sj'fjjj j<&öj.^><S uaJjj jGû^IS 

o>^g <* -IJ6J 0 U: ^Ljjj 0 lj^ ^jljL^ 


uiJJiJ^ (_re u L^4j,jjj ûj . ûj<GûjIjj ûjGjjjyjlS 


iLi_û<LA 





ItnilliMIMIMIIIIIHIlMflll 

r ,M 

1 •••<llli« II •!»••• III «!•• »•»•» 

:* : : 



i t *. j ’ • 

- 



• i j : : 

*." .*:• '.': 



I : : : 




: *. ' •: i 

'::.‘:;: : *:ii'i v :ii- 



.,: ■ : ! : : 

;:•' ■}-'. 1; ; 



:! : • j- 

.* .in.M' •••••». 


. 

... . ;... 


1 


( Y - A ) u? 4 ^ 

* 3 <Û* 3 \jj O^jjj j\Z ^«Ujb4_» /î 

/o 









































V 

j cKjsl^y-^ j lLjj-uMj (^6jjL> —l»j-> jj jûj_j<d r> 

^ V 

^(_^6 j jLj jjj j I^jLo j 4_ii»jjjij jljj j 4 -~v 4~i 

. Cxj j\ Lb6 J jL<j 

<\IjjU j<u ^ jjL<£ (_£<<dj£ (^öj<Lj<L_»<d Ijûjd 

J<L» < ûjj-o<^ (jl—^lj—>L (j-ûj<^ J_»l—><^ ^ <—HjSi 4J 

<d o-uû j jlû<£ cx»j\1aû jjl£<u jLI j»LL ^ûjLlijj ^» (5<-»6jjj 

(^<L»L^j<j ^V<_>/jL5dj__»L ^6 j<_i_»jj jj jIj_LlAjL^<_» c5*jjj 

♦ 

^ûj<1»jj (5<GLj<J ûjSjjj cjjj<jL1_»û j jLlj_»L£L ^ûj<_jjjj 

V 

V 

. jj<jLljû j jDjjL 

j<Uj<J LLxijj^j ûj<jjjj jj <£ ji<Jûjjj J<j jl—OJ-S^J 

V 

. ûjj<_» ûj<l»jjj jLj cjjj<l»Lû j <5î jLûjjL jjj 1j<l» 
^jûjj<J Cjjj'v »Aû JjL<j <j» «j<j<Lq ^<j jm <jIjûj—»<J j<j 

ûj< *\ i : . _»'» fljû jj<l» ^jj-ûj j<j (^jûjj<J j jjjjL (^jjjji^jj ^öjjj 
^<_» < c»-»jLaû jjL<_» jû jû jjjL cJûj jjjjj jL ûjLjjj I j. t iûjd < 

V 

^ \ * _ \ ^ I j\_^.<_» ^jdo N * (_^<_JjjjCÛ j<—jlj—>û J <—>1JÛJ—J<1 

V 

Perforation A - A 

‘4-1, j. *a Jjt5î‘l-i ISIJ— 1 ■—* 1 J rt ‘ 1 "- 1 

(Ij ojjljU U4 j»j jL^<e 

j-C <S j,6j<i J j .Ajjj ‘ J ■ oL ^ 

j * a .» /s j <^ c»L-> (j*^v <fûJjL 

ç. * 

< Cjj jliAû JjL<_» <j jj& J _> L1J <L_jj-u< J ^ ^ 











. c£j 6 je^ A 4 u6 J 

^jfiubjuu 'jj <£ 4j1^6J J^ (^ “ A ) CS 4 —*^J 

. 6j<GL^& J (jjjj O-i ja_ufc6 Jjl^<_i 



<£ ö^ û jjj S?UÎJJJ J Lr*lj* >*» jOf<J (£ ^JJJ^ Jjj 

Jjj LaöJj^CA < 0 -> j 'ij A 6 JjI^<-j 6 jj<_ojL»£ La<Gj__Jlû <Sj J ~‘ - •• <J 

c^jj^ 1 -" 4 ^) j^ 4 — o4 ^ J l 'Sîc^jjjj (_*->'j-e=» je c^ j jjjS* 

. oj_>ilA6jjl^<L.' j(ûjj^eLo 
c £<G^Jj' 1 ' J ^ ^ ^ ^ jL=w |x<^<U 



























JJ-> U i ^ <Lj .) cS<^e>* Ij£ t £ 

^ ^j^jû-j ^ l jjj ^«e<û<u ^l* j<u_u<J j 

• JJi ^iJi^ J>>«-ûj]-£ C£<^f jj c5^ûjy 

jL^S<U 4-*C>JjJ J ^'j-^r? .J^ <—J<tA jljL- j-^ ^LIjj jjj 

v 

• û^^^ jL^<e ^(^jjjj Laöjj<la jLûjjj 


<LLuj 4 ^j<U (^ 4 -juj jjûjj^J jSuluj \ * - A 

Holography <* 


^Ljlj ! J \ ^\ £ V ^Luu <J 4 ui^—^ j4j 4—jlj^j ^-jöj4—1j 

V 

V 

ll ^V<l> * i iA Gabor , ^- > L>^l—><-> 


j Lj J lJ^LjGlj^ ^LlLû^G lIajL < 6 ^-jIjjjj jö^j<l! 

v v 

<34 \ . j ^ \ j <\1_uûl_û<G ^<_l^uljL ^->->jj—^<L> jj—Jö J OjjIj^S 

v V 

V V ^ 

* J 


<L>ûJjl_>J ^<L> < JjI Jjjj ‘LG-iÎjj < L> l j l iîjjj^i <J jj> lLjj<L4> 

V 

• 1 J c5 j^J^ CSjLfc^ 

j4 ■ ,.4 1 Luj c^ûjjxIj<_> Ûjljjlj^^ö-jJj (J^Jj^jL^ (jlj^l* <S 4 ^ t JJ 

( jZiöj<L> l-L>jjj jl>j3ji ,^J<J J<-<J Û^^JJJ 

<Ll ,rl__^jûJ<J <^ LJjjûJ < j«L> (^Jj^ JJ^-I ^ 


ûj 

û 




ûjûj_J<J <_£'—L>jû 


., ^jjjS : (a^jjS jjj) 

OejjjaJts ^LuiujûjL , yCL^j jJL-.jjj <-^»«0^» 

* sjGGjJiJ »j<_£<_.<-ujli 6 J L>j<--t50jJ S 

-. .ja '.l „„ ' J<J ‘G 6 J^ J “ J<f ‘ UJJJ L>< '''^ 

J<L> jUa4S<J . ol J» j(5(j »jjj^ JJ J Ûi^jLjj J<*-<J iS 




















PDF 4 KURD 


6 j(object beamû^ csOjj^) °e J oj^û 0 ” ^ S? 6 jjj^ 
cS 6 JJJ^) 6 J^J Jö j 6j4^<ijjû <J <j6Jjj 1 j<C û^jj C5J<J 
j4_c«<J <_jö3jj^ jjj ^<J ■ ( Reference beam öjL^yu* 


^<I> ^öjL^j^Cjuu ) û ?* 6 J ' J ÛJ ^ 6 J <^<oilj^jjji<-aj<J 

(JJ<JJJ <j6jJulI» j<j ^jLjjIa jlj<J (^6jL>j<-iJJ JjJ <J6jjj^ jjJ 
jLojj Jjjj^J J^><J (_£<JjJJ-» (J6 J_lÛ/<_> <jaj<J J<j J<-LX><J <^6« j<C» 

1 (i _ A) (j<jjj . cx»j^6j 





i - i - A (^<jj j 
f I /jjy> ^yjjj^ V iii. O J ^yjjjja. 































<^j<JDevelopment c^j^Li. ^ljj 

j<U , «LLu J<U yj . jj cLjSûJ 6 jloi: (flt jS^fc 

j<Luu<J ^jl^ûjljjlj <-l*i» <S jjl J <jöjju 1 J«L) jLo4_A<U 4 -vjd I 

i * ö J^J^e ^jjj ojU-j<— jLo<jfc<_> ûj î Ij^ jUjj 

^J<j . JjJL_j4_l ^j L . sIjljj<_£ûJ sIj-uuûJ j\ _o<_jjj jjJ 

<J<JUJ J<j Jyljj<j ÖJ. (uj- i _ A) (^‘Lljj «L>4j ; i5<Guuulj jU.t.jjj 
,Ş ÛJ<->. t )J^ J-> ç-J I ■ . t. > > I JsJ_>LuuJj<J j<Jb jU<_> a> . \j 4 . j 4 ■ ■ ■ 4 ' '4 -s 4 j 
J û'J ûJ jLj <^<lLj ^-uj4_A 4^ 4u6j«L «LuuL ^jLLi. I Jûj_><d 

v1j->û Jj ûj^j j-u-uû J Ij<£ vIjLû jJ CjIj 



w»- 1 - A ^<Glj j 


4 > Iftg'wuulj J JLiolk j4jj J ^Lij«lS l Iu- u ^ j >j ^ljSy^A ^jUiAjlS^-i 




































^4 


OjjjIjö J (J^L*^ JjjöJjd öjja. £ / ^ 

S jl^<dj<8 ‘Öjjj - I 

S(jl£<Jj5 f<£) Û^CSJJJ ‘Lojj _ v 


: cr?^ ^ V 

v 

S 6 j<GllijIj 'jjI^ oî»l j 3 ö j VLLiIj 3 <j jûJ-><J_ î 

S 6 j 1 öL» ^jL^jL J <J J 6 jj<d j'Lîji- v_> 

S ojj^IaöJjI^<j I j jy^ jöjGjjj <d ^jjj 31 ^ ^I^öj _ £ 


O 

O 

O 

o 




















jli<U(^3Lj<Uo 


■ JiU I N II rJi l 





^ V 

Ş-ij4-^J <£ 'j ^4-Jû jlj<L> (JO>j< L» jj 3 * J L^b J 

V 

llL> Lj I JljI^^Lj^^Lj^^Lljj <5v.1j<J 1 "v.4,ii k i < Cjj^uÎjjl^jIj 

V V 

4 —»j * û*—^ öJ (j!—> i . _»» H» 6 j (^jjjj * c£ J J4_9^ jjj ^ û^ 

(jl£jöJ (JJ-A<U « j4^ûJ(£jL>J (_£u>jJJ<L» Jjj j,l£<L»jj (^<jLii_u 

Jûjj^j (jJ^^Js^ l! jj^. lIj jj<L4 tji-ÛJöjljjûd < ûj6j6jj<Ll 

• jj^ûj (juL vjjJ^ j L l A 6 J^)l£s<j ^l^<J^^jlj^<-»-4J <J-4UJ<J<-Û ^JJ 

: - 1 

(J—^ ^ -»‘LlÎ. <_£<— ^ûjlj—j— k_» 4—ii,«L» <l! 4f> öj6j_j«Ll ^<L» 

(* J^ ^) jJj-^j ^ L > ^ - 1 “j » *d ûLjj I j(_^ jjûlj^j—ojjlS 

(^jLjA-i-u cr Uu<L»4_o j_> <£ LjJjjöjl J Jöj_»<j (X<^<L» <L» « CjI£ûJjI£ 

(£ J JJJ ^ <L»öj<L» ûjûj_»<d ^.<j L5 jl£<L»jj<Lo JLulj , , . 1 Aj K<1 , 

OJ « I jlj<LA Jjlj (^luuL ^yjj. ^ . ^ » j <J 6j< ~i t »6 J ^<£ j;4 < 4 ,7. 

<d Uöjj<LA Cx»u Jjk jjjj JJ |j<A 4^ I j«L»LU j<J Uöjj<LA 

v v v 

^,<L» . Jj-^ JjJ-» J^L-kd > r»_»» > .»6 J LL,<La^.ûj<L> jU. <U I .i\. j *\j4 ,7. 

4^ jû Jû J JJ-uuö J 4jL»Lî_>j j<L» ^Jj^(5jL J j-» I .ljjju.,1 j <d 6jûj-»<d 

• * ‘lJ 

^SU — ^j).»n_» j<L» ^ j4>jj<U _ 

JJ ‘L.jjl.U \j’ “V ^4^<dj,<Lut, <^jjjj <£ ûjû^d ^4j 
jd (_j»Jj^ j L : , _» > :» .-uû j j_» <L»ljûjj<d ^.<L , 4__»jj^ jl— j.:,',, , r û j 






















^<^3 uL> <U <û » ûLLjû, 

# jj&6 j ^jUuLiû j ^<^<£ j<C ^ jU j<Uu ol^ jjl£ 

o&j^ ^***££ j J j^je 4 - 1 - E 

j<J ÛJJ^L, \ -j\ ^<£<d^,<ui, ^>jj <£ 6 J6±><] ^<L 

JJ" -0 *-* ' j ’->’->j < t* ^j-»L a .. , L ^j-Ia <J L £<__>>j__><d L_£>j 

uajO 4j^>I j> ^»Ij<J <£ 4,jû><J ^<L û<iul: 

^’jjj ^ * '-LljL j><j<J <Glj « IjIj<UjjL jj-û<_a<J £ 

M J 4 — j^ < j<e<^ ^JJ-^J^eP isL_J>i l j3jGj_,o 

J (^J^je^ <J Jjj Jj^jL , jj3 ^£<l,6 jIjL 

jjj»l>6j ûj<LL><Uo jj«_^ <^jjjJ<d « jûj_Lo<£ v£L _ -v j ,^' \ 4 \ 

* lt^J^ >»Ll_L1^û j ^LuLu 


J-JjjS Jiju ^\£ 4J 


r . * 


aj 4 .j*t u <Lxjj IjjjjjdJ ^.jl£<iS^iUj 4 j 


(k<_» ^jjjj j_i <_»<Jlj<J ^j£öj jLjj I jjûj_»<d ^_»L<£LflL <0 (_^o1j<j 

Jjj ûjûjljl ^OL^^ujlU 

jLx ^jjUyi- \ 


jLj<û-uulj JJj—fiL J »» _ ^jjJLuAj Jj^jL >»1^6j6><J < &*Îlxj 

H 

^ J_^jL ^6JJJ ‘ J 1 ^ iS*j£ ^ ^4 £öJj\£ 

dij j>ûu6J . jjL> ^VoJ^ <Cl^6j jl£ oj-?j^ 

. ^<^6jL Jj^ fi<LA<j j <£6j<jJj£ 


• Cu-jj - T 


0»JJ-û >,<-1 ^’uu u ^JjjLjJ^ J^vj^ J^jf 4 ^ "- ‘ ^ 4 "*^ 












4_£<L 




i ^ 




PDF4KURD 


w 

^<UjL.<l. o^» J 


ii - t . „ 

lSVL»L)ljj öjöJjaJ <l) j<£<u j 

û>*j^ tS J ^ t *4>» fÖJJJ 




I y t K <»< J<J & <L^L<L_,lj<J 

<^h- û#* Wjw ^ 6J 

. LjjjûJ ( SJJ^i 


^iuj ^t^Lu^Uid Qimljbj* r - < 

I j45jSIj 4J 


<l! (_£<L»Ij‘L» d ~ .. ■ i j ,_, IjSj (juL, ( jî<J_ >J<Lo<L] (_£<Li Lj^ajj<Lo jL» j<j<J 
: (jjöjûjljik. (5<jSfLk |».<L (^jl jl£L» ,j<£ûJjl£ 1 jjöjj<Ll 
< öjljjl j jljjöjjLl 6jj=fcj<LA j-> (^LiISLLjU. j<j L5 jjj^jla.<J - ^ 

O ’ M|II J■ (^<ILuuljL. <L» jLjj^k. «_jlA<_» _ ^ 

«r 

* 1 > Lii Lo 4-> 


lili 


/ ^iii r 


jjS* j 1 *^ lLj^ jjj<L*<J ol»L» jöj^ ^ûjjjS - V 

v u > 4j cIa^j 6jöjL^. 11 u Li «J Li 

V v 

• “J^JiJ^i J .T. .-. -.: .!■. ^ l 

j<%) •^-r~£*>)<£=. I o . ,K a < : ;|- - 0 

tfOjC** Jy^ tf > j <j^. 

- » • (jl^6juol_» (j-»jj^ 

^ ^ ^ J ^ <S<^U jL ^ « 5 ^ _ 1 

• JJ~a JU. tijA J-v* j4j< j u 












• Uj& <u jLisi: _ v 

V 

. J^jU jLU jL<lû j<U) 4J l^ j, cS^jj^ - A 
^'-JJJ ^ OeJ^uP jjL> j<l> <£_»3L; ^öjöjli ^UûjIjjj _ <\ 

• Cj->J^o 6 jj<jfc 

jH _,1S<L, j^<J IJLU. u i,Jj<, <J tsClj-C _ \ • 

jUi.U jj^-ls, <£ ^i£j<l,<J JI<UjG J<g j J<$ <0^^ 

jJ <J JKuuU ^x^JjjU. Laûjj<la , oL<G ^LjU. L.<g Ji^lj 

• L><^? 

JUU^jU şjJ, J-L <a_jjU jjj JLuuljU^ j (jljJJJ 

V 


jU'L. c£jLj<Uu, t ^Ux.4_,<U^ : . <U 6jy>jj <L.ljAj_><d J<U \ 

jU<l, d<u<GLio_. ^Jj£(5jL^j jj jLloI^ < t_.l J <J . ^j_V.A6j 

* ( ^ * ) ^ Qjj'vUa J 

^U^fLiLld <U öjj6 j <ûLuu<U j<l» ^jjS ^<l.L c ^jS<Lo j<u : Y lj 

S U<L»Ul^ jUj 







d^£»4Jbj4i 
jlSojLi.j*U^i 











— 

-i- 

) 

Bohr Atom 


J& l 

Level 


Ciu-uLi 

Atom Energy Levels 

jjl <2lL mfl 





Ground State 


<*J*3 


- u- 

• 


Interference 

jjJI 

Jj^l J^<U<J 

instructive 

Ji-laSJI 


interference 


J 4 ^ 

distructive 



interference 


Cutting 



Fringe 

ejJuA 

^jjje 

V 

Electric Field 

juai 


Magnetic Field 

(j^ioiiiii juai 

C5 L^jljJ 

Stimulated Emission 

j^-ll öU^Vl 
% 


Electromagnetic 


V 

Theory 






PDF4KURD 





















— - 


Work Function 

Ji-JJI <01J 


scattering 




-e- 


Polarization 

% 

J^J ^Ciujuû 


— C»- 


Properity 

4 i . 


Excitation transition 

ftjlîiVl JUlj! 


x - ray 



Ultraviolet ray 

<u_iVI 



d . -n. < ft~> 11 JjJlII 

t 2,l£<u C 5<ui.j<j6j 

ray 

Lûll 4-a_xiil 

Ull j.ii L 


• 

-c- 


Electrical Discharg 


V 

^jLöjU (^6j<jjjJlU 


- J- 


Light 






















Photoelectric 

emission 



Inverse photo 
electric 

Emission 


Resonator 

Lyman series 

Balmer series 

B rackett series 

Baschen series 
Resonauce 
transition 

Perforation 
Wave Front 


JUiiV 


- 






I^J _ o 







































jThreshold Frequency 

<UlxJI JJp 

<5<Jja t£j<J&j<J 

Organic 

Dye Laser 

jjoJ 

csj^je^ 

Atomic Laser’s 

jJI CjI jjjUI 

6 J 6 je<l 

lon Laser’s 

oljjjxUI 

6j6jj<J 

Ruby Laser 

ojSLJI 

o^SL (^j6jj<J 

Three level 


6 Jj6jL> (^J6j-><J 

system Laser 

uijLJI oLjl-AI jjJ 


Four level 

CjLjIxxJ. 1 jjaJ 

6 Jj6jLj Jûjf < 1 

system Laser 

<utLjJI 

6l^<ftrL-lj jl>> 

Gas Laser 

c^jl^JI jjjJ 

c£ j^ cSj 6 ^ 

Nd: yAG Laser 

jUI jjJ 

(5j6jj<J 

ÛL _ ^_o£j»o J<G 

Nd: glass laser 

jju 

C^jAja^J 

_ ^-ojj_o J<G 


• 

-U- 


Active Mediun 

Metastable 

rj JL-UI Jxm^i 

<U_C 

* 

jl^>al J 














Optical Pumping 
Holography 


yV 4 )| ^vi j i 1 1 


6* *jjj 

V 

<g ^ <l ^jS‘ (S^j 


— A — 


Absorption 

Goherence 

Space coherence 
Time Coherence 

Coofficient of expantion 
Refractive index 


> A | 


<^LilJI 


^L-tkiJI <^Lîilll 
«» 

<£LliJI 

•« 

jjaUI jJ^ûLuj 
jLu£jI 


ûe _ r 

^jLjU_ \ 

Ûe^ L5f J^J^ 
C*l£ jLjl-A 

jLii^ ^<£JJ^jU 

6^A^J^Sk^U 
















(\ ^ A Y) I p L . j _ \ 

<-ulL^JI «gUa lLj j jjAI i 4 ^jul^VI JjjLi 4 jl _G/ujLL. j_ y 

8 *7* ' —1 — CjIjjjJJ I < <L«^wj_i < ^ j j 'f jjjLa _ X 

4 . M.J. Bessley Lasers and their applica- 
tions Taylar and Francis LTD. , ( 1976 ) 

5 . C.N. Banwell, Fundamentals of Molecular 
speetroscopy Mc Graw - Hill Book Com- 
pany , ( 1976 ) 

6 . OSHEA , An introduction to lasers and 
their application , (1978) 

7 . L. Panaiotu , Fizica, ( 1978 ) 

8 . I.M. Popescu, Aplicafi , ale Laserilor 
(1979 ) 

9 . Orazio Sveito , Poinciples of Lasers 
Trnslated by David C. Hanna , Plenum 

Press , ( 1977 ) 

10. Francis A, Jenkins .Principlesof optics 

11. N. Sobolev , Lasers and Their Prospects, 
Translated From the Russian by V. pur to 

(1974) 

12 . DAN C. DUMITAS Laseri cu Gaz (198_2_) 













ifS^AA Jl* 


û [y* ■ - } 




A10J $ £\*1\ flj 



(J ^juAjM 


(fJiJ** •****jjA)** 



[ »/«* ‘ItA* 











Laser 

And 

lt‘s Applications 

































